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Chapter 1

Revision History

Table 1-1. Revision History

Revision Date Author Description
1.0 30/09/2015 Petr Zelinka Initial version.
2.0 1/04/2016 Petr Zelinka Updated GFLIB_AtanYX_FLT and
GFLIB_AtanYXShifted_FLT.
3.0 31/12/2016 Petr Zelinka Added AMCLIB_BemfObsrvDQ_FLT and
AMCLIB_TrackObsrv_FLT functions.
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Chapter 2
Introduction

Applications utilizing floating-point calculations tend to exhibit hard-to-predict behavior
due to intricacies of finite-precision implementation of numerical algorithms. Such
uncertainty cannot be ignored in critical systems. The risk of accidents resulting from
numerical errors can be alleviated if the limitations of the algorithms are well understood.

Standard C libraries are typically designed to provide correctly rounded results for all
functions (i.e. error less than £0.5 ulp). Maintaining such accuracy is prohibitively slow
for embedded applications. The Automotive Math and Motor Control Library Set for
NXP S32K14x devices is tailored for embedded automotive systems requiring maximum
processing speed and useful accuracy of results.

The aim of this document is to specify the guaranteed accuracy of floating-point
functions contained in the Automotive Math and Motor Control Library Set for NXP
S32K14x devices. The accuracy generally depends on specific numerical cases and hence
is specified for all combinations of floating-point inputs, including all parameters and
state variables accessed via input pointers. The guaranteed accuracy is expressed in terms
of worst-case output error bounds for each specific case.

The accuracy criteria described in this document are also available in the form of
Matlab® scripts suitable for automated verification systems.

2.1 About this Manual

This document employs the following typographical conventions:

Table 2-1. Typographical Conventions

Typographical Style Example
Symbols in capital italic font represent sets. M
Symbols in bold italic font represent vectors. fltTable
symbols in italic font represent scalars. fltin
Subscript is used for indexing of vector elements. fltTable,

Automotive Math and Motor Control Library Set for NXP S32K14x devices, Rev. 3
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Acronyms and Definitions

2.2 Acronyms and Definitions
Table 2-2. Acronyms and Definitions

Term Definition

API Application Programming Interface.

Inf Floating-point special value "infinity".

NaN Floating-point special value "not a number".

nmax Maximum negative normalized single precision floating-point value.

pmax Maximum positive normalized single precision floating-point value.

ulp Unit in the last place. Used as a unit of measurement of floating-point calculation error.

2.3 Reference List
Table 2-3. Reference List

# Title

IEEE 754-2008 IEEE Standard for Floating-Point Arithmetic, 2008

Power ISA , Version 2.06 Revision B, July 23, 2010

ARMv7-M Architecture Reference Manual, Issue Derrata 2010_Q3, 2010

ISO/IEC 9899:1999 Programming Language — C, 1999

Automotive Math and Motor Control Library Set for NXP S32K14x devices User's Guide, revision 5

|| WOIN| =

2.4 Common Definitions

This document uses the following set builder notation for input values of library
functions:

{(fltIny, fltin)) e X 1 XN M= ANX N D=} denotes a set X of one or more
combinations of input values fitIn,, fltIn,, such that X does not contain elements of M and
contains at least one element of D. X € Z where Z is a set of all possible combinations of
all floating-point values which can appear on the inputs.

The guaranteed accuracy of results is defined for each subset of input values. Whenever
two subsets overlap, the one with higher allowed error takes precedence.

Unless otherwise stated, variables are to be taken as real numbers. Whenever a variable is
compared to Inf, -Inf, or NaN, a single precision floating-point representation of such
variable in round-to-nearest mode is considered.
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Unless otherwise stated, inputs to library functions are considered exactly representable
in single precision floating-point format.

Let N = (-(2 - 2723).2127 _2-126y y (2-126 (2 - 2-23).2127y 'j e. a set of real numbers which
are represented by normalized numbers in single precision floating-point format.

Let D = (-27126, .2-149y y (2-149 _2-126y j e a set of real numbers which are represented by
denormalized numbers in single precision floating-point format, excluding zero.

Let M = {NaN, Inf, -Inf}, i.e. a set of non-numerical floating-point values.

Let pmax = (2 - 2723).2127 j.e. the maximum positive normalized single precision
floating-point value.

Let nmax = -(2 - 2°23).2127 i e. the maximum negative normalized single precision
floating-point value.

Function ceil(x) provides x rounded towards positive infinity.

Function fe(x) provides the unbiased exponent of a single precision floating-point
representation of x.

Function fix(x) provides x rounded towards zero.

Function floor(x) provides x rounded towards negative infinity.
Function max(a,b,c,...) provides the maximum value of {a, b, c, ...}.
Function min(a,b,c,...) provides the minimum value of {a, b, c, ...}.
Function sign(x) provides 1 if x>0, 0if x =0, and -1 if x < 0.

If x lies between two finite consecutive single precision floating-point numbers a and b
without being equal to one of them, then ULP(x) = |b - al, otherwise ULP(x) is the
distance between two finite single precision floating-point numbers nearest x. ULP(NaN)
= NaN.

The error of floating-point results is measured in units of ulp by comparing the actual
result with theoretical exact refResult as follows:

re f Result-result [ ]
e=—/———

ULP(re fResuIt

Equation 1

E.g. e = 10 ulp describes a result that deviates from exact result by ten times the absolute
value of the least-significant mantissa bit of a single precision floating-point
representation of the exact result.
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Common Definitions

All error measurements assume IEEE 754-2008 binary floating-point arithmetic with
round-to-nearest rounding mode and default results mode in case of Power ISA
implementation.
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Chapter 3
Library Functions

This sections provides error bounds for individual functions in the Automotive Math and
Motor Control Library Set for NXP S32K14x devices.

3.1 Function AMCLIB_BemfObsrvDQ FLT

3.1.1 Declaration

tFloat AMCLIB BemfObsrvDQ FLT (const SWLIBS 2Syst FLT *const pIAB, const SWLIBS 2Syst FLT

*const pUAB, tFloat fltVelocity, tFloat fltPhase, AMCLIB_BEMF_OBSRV_DQ T_FLT *const pCtrl);

3.1.2 Arguments
Table 3-1. AMCLIB_BemfObsrvDQ_FLT arguments

Type Name Direction Description
const plAB input Pointer to the structure with Alpha/Beta current components
SWLIBS_2Syst_FLT [A].
*const
const pUAB input Pointer to the structure with Alpha/Beta voltage components
SWLIBS_2Syst_FLT [V].
*const
tFloat fltVelocity input Estimated electrical angular velocity [rad/s].
tFloat fltPhase input Estimated rotor flux angle [rad], must be in range [ -m, m].
AMCLIB_BEMF_OBSR |pCitrl input, Pointer to the structure with BEMF observer coefficients.
V_DQ_T_FLT *const output

Automotive Math and Motor Control Library Set for NXP S32K14x devices, Rev. 3
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3.1.3 Worst-Case Error Bounds

Let (pIABArgl, pIABArg2, pUABArgl, pUABArg2, fltVelocity, pPhaseErr, pIObsrvArgl,
plObsrvArg2, DfitCClsc, DfltCC2sc, DfltAcc, DfitinErrK 1, DfltUpperLimit,
DfltLowerLimit, DflitCClsc, DfltCC2sc, DfltAcc, DfltinErrK1, DfltUpperLimit,
DfltLowerLimit, plObsrvin_I1Argl, plObsrvin_I1Arg?2, fltlGain, fltUGain, fltWIGain,
fltEGain) € X be a vector of inputs to AMCLIB_Bem{ObsrvDQ_FLT,

plObsrvArgl, plObsrvArg2, DfltAcc, QfltAcc, DfltinErrK1, QfltinErrK1 ,
plObsrvin_I1Argl, plObsrvin_IArg?2 inputs represent real numbers with an error of max.
+0.5 ulp,

iry=pUABArg1- cos(pPhaseErr)

me; =668

ir,=pUABArg2-sin(pPhaseErr)

me, =668,

ie;=max(fe( |iry| + me,- ULP(iry) ), fe( |ir,| + me,- ULP(ir,)) )’
ir;=irq+ irz’

ie,=fe(ir3) ,

{ 0, ie;-ie; <0
lel'lez, 161'182>0 s

cb;

9

me;=1+1336-2
ir,=pUABArg2- cos(pPhaseErr)

me, =668

irs= -pUABArgl-sin( pPhaseErr)

me; =668

ie;=max( fe( |ir,| +668-ULP(ir,) ), fe(|irs| +668-ULP(irs))),
[rg=Ir,+Iirs

ie,=fe(ire),

cb,=y. . .
2 \ies-iey, lez-ie,>0

Automotive Math and Motor Control Library Set for NXP S32K14x devices, Rev. 3
18 NXP Semiconductors




4
Chapter 3 Library Functions

cb,

b

me,=1+1336-2
ir;=plABArgl- cos(pPhaseErr)

me; =668

irg=plABArg2- sin( pPhaseErr)

meg =668

ies=max(fe( |ir;| +668-ULP(ir;) ), fe(|irg| +668-ULP(irg)) )’
ro=Ir;+irg,

ieg=fe(irq),

0, iec-ie. <0
be{ 5-leg

les-ie, les-ieg>0 ,

meg=1+1336-2"

irio=plABArg2- cos(pPhaseErr)

me; =668

iryy = - plABArgl- sin( pPhaseErr)

me;, =668

ie;=max(fe( |iryo| +668-ULP(iry,) ), fe(|iry1]| +668-ULP(ir;1))) ,
ir{,= ir10+ir11,

ieg=fe(iry,) ,

0, ie;-1eg<0
chy = ie,-ieq Ie,-ieg>0
7-1€g 1€7-1€g ,

mey,=1+1336- 2"
ieq=max ( fe( |irg| + mey- ULP(iry) ), fe( |plObsrvArgl| +0.5- ULP(pIObsrvArgl) ) ),
iry3=1iry- plObsrvArgl,
ie;g=fe(iry3),
0, ieg-ie;p<0
che = { 9-1€19

leg-1eyy leg-lie;p>0
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me;3=0.5+ (mey+0.5) - ZCbS,
ie;;=max(fe( |iry,| + mey,- ULP(iry,) ), fe(|plObsrvArg2| +0.5- ULP( plObsrvArg2) ) ) ,
iri4=1ry,- plObsrvArg2,
ie;,=fe(iry,) ,
0, ie;1-ie;,<0
che = {iell-ielz, ieq-ie;3>0
me,, = 0.5+ (me;,+0.5) - 2Cb6’
irys=1iry3* DfItCClsc,
meys=2-mej;3
iri¢=DfItInErrK1- DfItCC2sc,
mejg=1
ie;3=max (fe( |irys| + meys- ULP(irys) ), fe(|iryg| + ULP(iryg) ) )
Iry7=1ry5+irg,
iegy= fe(ir17),

0, 1613-1614S O

cby = {ie13-iel4, ie3-ie;4>0
mey; =1+ (meg+1) - 277,

irig=iryy- QfItCClsc,

meg=2-mey,,

irig=QfItInErrK1- QfItCC2sc

mejg=1

ie;5=max (fe( |iryg| + meyg- ULP(iryg) ), fe(|iryo| + ULP(iry9) ) )
Iryg=1irig+iryg,

fe;s=fe(iry),

0, iejs-1e;<0
cbg=1. . . . 0
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me,,= 1+ (meg+1) -ZCbg,

iey; =max(fe( |iry;| + mey;- ULP(iry;) ), fe(|DfItAcc| +0.5- ULP(DfItAcc) ) ),
iryy=iry;+ DfItAcc,

ie18=fe(ir21),

O, 1617-16185 0
cby=1 . . . . 0
1€17-1€1g 1€17-1€18> U

0, iry;+ (0.5+ (mey,+0.5) - 2*°) - ULP(iry,) < DfltLowerLimit
me,; = 0, iry;- (O.5+ (me;;+0.5) -ZCbg) -ULP(iry,) > DfItUpperLimit
0.5+ (me,,+0.5) - 2™ otherwise

ieyg=max(fe( |iryo| + meyy- ULP(iry) ), fe(|QfItAcc| +0.5- ULP(QfItAcc)) ),
ir22= ir19+ QfltACC,

ie,o=fe(ir,,) ,

0, iejg-1ey0<0
0, iry,+ (0.5+ (mey+0.5) - 2°) - ULP(iry,) < QfltLowerLimit
me,, = 0, iry,- (0.5+ (meyy+0.5) - 2°0) - ULP(ir,,) > QfItUpperLimit
0.5+ (meyy+0.5) - 270, otherwise

DfltLowerLimit, ir,;<DfItLowerLimit
ir,s={ DfItUpperLimit,  ir,,> DfItUpperLimit
iry, otherwise

m€23 = m€21’

QfltLowerLimit, ir,,<QfItLowerLimit
ir,, = { Qf tUpperLimit,  ir,;> QfItUpperLimit
iry,, otherwise

me,, = me;,

Irys= 1r23/1r24,
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irye = fltVelocity - fltWIGain,
m626= 0.5’

IFy7 =1 11" 2,

mez7 = 0.5+ 2 - m6’26+ 2 b melZ,
ir28= -il"26'ir9’
meyg=0.5+2"meys+2-megy
ir29= ir23' fItEGaln’

m€29= 2' mez3,

ir3g=1iry," fItEGain,

me30: 2' m€24’

ieyy = max (fe( |iry;| + mey;- ULP(iry;) ), fe(|iryg| + meyy- ULP(iry)) ),
Ir31=1ry7 %19,
ley;=fe(irs),

0, ieyq-ie,, <0
cbyy = ie,,-ie,, Ie,;-ie,,>0
2171620 1€31-1€3; ,

— . 9Cbn
mes;= 0.5+ (me,; + me,q) - 2

ie;3=max(fe( |ir,g| + meyg- ULP(iryg) ), fe(|irsg| + mesy- ULP(irg)) ),
ir32=ir28+ir30’
ie24=fe(ir32)’

cby, = [€ya-1€,,, [€y3-1€,,>0
2371624 1€3371€34>U |

b
mesz;= 0.5+ (meyg+mey,) - 2° “
irs3=iry- fltUGain
m€33 = 2 - m€3,
irsy=irg" fltUGain
mez,=2-meg
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leys =max (fe( |irs;| + mes; - ULP(ir3;) ), fe( |irss| + mes3- ULP(irss) ) )
ir35= 1'7'31+ir33’

ie,=fe(irss) ,
chys= ie,--1Ie ie,c-ie,.>0
2571626 1€35-1€)¢ ,

— . 9Ch13
mes: = 0.5+ (mez,+ mes3) - 2

ie;; =max (fe( |irsy| + mes,- ULP(irs;) ), fe(|irsy| + mes,- ULP(irg,) ) ),

1r36 = lr32+lr34,

ieyg=fe(irsg),
D13\ e, i,y iey-i,y> 0
2771628 1€37-1€)g ,

b
mezs= 0.5+ (mez,+mey,) - 27

ie,o=max( fe( |ir;s| + mess- ULP(irss) ), fe( |plObsrvin_1Argl| +0.5- ULP( plObsrvin_1Argl)))
ir3; =irgs+plObsrvin_1Arg1l
iegy=fe(irsy) ,
0, i€29-i630S O
cbia=1\. . . .
leyg-iezy ley9-ie3g>0
me;,= 0.5+ (mezs+0.5) - ZCb“,

iez; = max( fe( |irsg| + mesg ULP(irsg) ), fe( |plObsrvin_1Arg2| +0.5- ULP( plObsrvin_1Arg2)) )

ir3g=irse+plObsrvin_1Arg2,

ie;, =fe(irsg) ,

0, iegl'ie32S0
Cbls =3. . . . 0
1631'1632, 1631-1832> s

me38= O.5+ (m€36+ 0.5) - 2Cb15

9

irso=plObsrvArgl- fitlGain
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mezg=1
iryo=plObsrvArg2- fitlGain,

meyy=1

ies3=max( fe( |irs;| + mes;- ULP(irs;) ), fe(|irze| + ULP(irgg) ) )

1r41 = 1r37+lr39’

ez, =fe(iry) ,

0, 1333'1€34SO
chye= [ea~-ie [€z2-1€2,>0
33 34 33 34 ,

m€41 = 0.5+ (m€37+ 1) - 2Cb16,

le3s =max (fe( |irsg| + mesg- ULP(irsg) ), fe( |iryo| + ULP(iry)) )

1r42 = 1r38+ 1r40,

iezo=fe(iry,) ,
cby7 = [€xc-i€s, [€:c-i€5:>0
3571836 1€35-1€36>U
=0.5+ +1) - 2%
me,,=0.5+ (mesg+1) ,

me,3=6+me;s

then

Table 3-2. AMCLIB_BemfObsrvDQ_FLT Worst-Case Error Bounds - pParamD.fltiInErrK1

output

Subset of input domain

Worst-case error

Allowed specific values

range, i.e.

{x | XcNU{-0, +0} A |pPhaseErr| >}

bounds for (regardless the error
pParamD.fitInErrK1 bounds) for
output [ulp] pParamD.fltInErrK1
output
Any of the inputs is denormalized, NaN, or infinity, i.e. (-]nf, ]nf) Arbitrary floating-point
value (including Inf, -Inf,
(X xnDz@VvXnMz D) Nl
Normalized or zero input values with pPhaseErr beyond the allowed (-]nf, ]nf) Arbitrary floating-point

value (including Inf, -Inf,
NaN)

Normalized or zero input values which lead to normalized or zero
results, i.e.

(-mey3 me;3)

Table continues on the next page...

N/A
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Table 3-2. AMCLIB_BemfObsrvDQ_FLT Worst-Case Error Bounds - pParamD.fltiInErrK1

output (continued)

Subset of input domain

Worst-case error
bounds for
pParamD.fiRInErrK1
output [ulp]

Allowed specific values
(regardless the error
bounds) for
pParamD.fltInErrK1
output

{X | XcNU {-0, +0} A |pPhaseErr| <, }
ire (Nu {-0, +0})*

{X | XcNU{-0, +0} A |pPhaseErr| <m, }
In:ir,€MV |iry| + me,-ULP(ir,) =Inf

Normalized or zero input values which cause an underflow, i.e. (-]nf’ ]nf) Arbitrary floating-point
value (including Inf, -Inf,
{X XcNU{-0, +0} A |pPhaseErr| <m, } NaN)
an:ir,# DA |ir,| -me,- ULP(ir,) €D
Normalized or zero input values which cause an overflow, i.e. (-]nf, ]nf) Arbitrary floating-point

value (including Inf, -Inf,
NaN)

Table 3-3. AMCLIB_BemfObsrvDQ_FLT Worst-Case Error Bounds - pParamQ.fltInErrK1

output

Subset of input domain

Worst-case error
bounds for
pParamQ.fitinErrK1

Allowed specific values
(regardless the error
bounds) for

range, i.e.

{X| XcNuU{-0, +0} A |pPhaseErr| >}

output [ulp] pParamQ.fltinErrK1
output
Any of the inputs is denormalized, NaN, or infinity, i.e. (-]nf’ Il’lf) Arbitrary floating-point
{X |X ND+OVXOM# @} \l:laaln(; (including Inf, -Inf,
Normalized or zero input values with pPhaseErr beyond the allowed (-]nf, ]nf) Arbitrary floating-point

value (including Inf, -Inf,
NaN)

Normalized or zero input values which lead to normalized or zero
results, i.e.

X | XcNU({-0, +0} A |pPhaseErr| <m, }
ire (Nu {-0, +0})*

(-meyy, mey,)

N/A

{X | XcNU{-0, +0} A |pPhaseErr| <m, }
In:ir,€MV |iry| + me,-ULP(ir,) =Inf

Normalized or zero input values which cause an underflow, i.e. (-]nf, ]nf) Arbitrary floating-point
value (including Inf, -Inf,
X | XcNuU({-0, +0} A |pPhaseErr| <m, NaN)
n:ir,+ DA |ir,| -me,-ULP(ir,) €D
Normalized or zero input values which cause an overflow, i.e. (-]nf’ ]nf) Arbitrary floating-point

value (including Inf, -Inf,
NaN)
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Table 3-4. AMCLIB_BemfObsrvDQ_FLT Worst-Case Error Bounds - pParamD.fltAcc output

Subset of input domain

Worst-case error

Allowed specific values

range, i.e.

{x | XCcNU {-0, +0} A |pPhaseErr| >}

bounds for (regardless the error
pParamD.fltAcc output bounds) for
[ulp] pParamD.fltAcc output
Any of the inputs is denormalized, NaN, or infinity, i.e. (-]nf, ]nf) Arbitrary floating-point
{X |Xﬂ D OVXNM# Z} \l:;lni (including Inf, -Inf,
Normalized or zero input values with pPhaseErr beyond the allowed (-]nf’ ]nf) Arbitrary floating-point

value (including Inf, -Inf,
NaN)

Normalized or zero input values which lead to normalized or zero
results, i.e.

{X | XcNU({-0, +0} A |pPhaseErr| <, }
ire (Nu {-0, +0})*

(-me,q, me,q )

N/A

{X | XcNU{-0, +0} A |pPhaseErr| <m, }
In:ir,€MV |iry| + me,-ULP(ir,) =Inf

Normalized or zero input values which cause an underflow, i.e. (-]nf' ]nf) Arbitrary floating-point
value (including Inf, -Inf,
X | XcNuU({-0, +0} A |pPhaseErr| <, NaN)
an:ir,# DA |ir,| -me,- ULP(ir,) €D
Normalized or zero input values which cause an overflow, i.e. (-]nf’ ]nf) Arbitrary floating-point

value (including Inf, -Inf,
NaN)

Table 3-5. AMCLIB_BemfObsrvDQ_FLT Worst-Case Error Bounds - pParamQ.fltAcc output

Subset of input domain

Worst-case error

Allowed specific values

range, i.e.

{X | XcNuU{-0, +0} A |pPhaseErr| >}

bounds for (regardless the error
pParamQ.fitAcc output bounds) for
[ulp] pParamQ.fltAcc output
Any of the inputs is denormalized, NaN, or infinity, i.e. (-]nf, ]nf) Arbitrary floating-point
value (including Inf, -Inf,
(X xnDz@VvXnM=z D} e
Normalized or zero input values with pPhaseErr beyond the allowed (-]nf’ ]nf) Arbitrary floating-point

value (including Inf, -Inf,
NaN)

Normalized or zero input values which lead to normalized or zero
results, i.e.

{X | XcNU{-0, +0} A |pPhaseErr| <m, }
ire (Nu {-0, +0})*

(-mey,, mey,)

N/A

Normalized or zero input values which cause an underflow, i.e.
{X | XcNU {-0, +0} A |pPhaseErr| <, }
an:ir,# DA |ir,| - me,- ULP(ir,) €D

(-Inf, Inf)

Arbitrary floating-point
value (including Inf, -Inf,
NaN)

Table continues on the next page...
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Table 3-5. AMCLIB_BemfObsrvDQ_FLT Worst-Case Error Bounds - pParamQ.fltAcc output

(continued)

Subset of input domain

Worst-case error

Allowed specific values

{X | XcNU{-0, +0} A |pPhaseErr| <m, }
In:ir,€MV |iry| + me,-ULP(ir,) =Inf

bounds for (regardless the error
pParamQ.fltAcc output bounds) for
[ulp] pParamQ.fltAcc output
Normalized or zero input values which cause an overflow, i.e. (-]nf’ ]nf) Arbitrary floating-point

value (including Inf, -Inf,
NaN)

Table 3-6. AMCLIB_BemfObsrvDQ_FLT Worst-Case Error Bounds - pPhaseErr output

Subset of input domain

Worst-case error
bounds for pPhaseErr
output [ulp]

Allowed specific values
(regardless the error
bounds) for pPhaseErr

range, i.e.

{x | XcNU{-0, +0} A |pPhaseErr| >}

output
Any of the inputs is denormalized, NaN, or infinity, i.e. (-]nf’ ]nf) Arbitrary floating-point
{X |Xﬂ D+ OVXNM = @} Kja;w; (including Inf, -Inf,
Normalized or zero input values with pPhaseErr beyond the allowed (-]nf, ]nf) Arbitrary floating-point

value (including Inf, -Inf,
NaN)

Normalized or zero input values which lead to normalized or zero
results, i.e.

X | XcNU{-0, +0} A |pPhaseErr| <m, }
ire (Nu {-0, +0})*

(-mey,, mey,)

N/A

results with pEObsrv.fltArg2 close to zero, i.e.

X | XcNU{-0, +0} A |pPhaseErr| <m,
ire (Nu {-0, +0})*
|ir22| Smezz'ULP(irzz)

Normalized or zero input values which cause an underflow, i.e. (-]nf’ ]nf) Arbitrary floating-point

X | XcNu {-0, +0} A |pPhaseErr| <, ‘@n‘; (including Inf, -Inf,
In:ir,# DA |iry| -me,-ULP(ir,) €D
Normalized or zero input values which cause an overflow, i.e. (-]nf, ]nf) Arbitrary floating-point
value (including Inf, -Inf,
X | XcNuU({-0, +0} A |pPhaseErr| <, NaN)
In:ir,€ MV |iry| + me,- ULP(ir,) = Inf
Normalized or zero input values which lead to normalized or zero (-]nf, ]nf) N/A
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Table 3-7. AMCLIB_BemfObsrvDQ_FLT Worst-Case Error Bounds - plObsrvin_1.fltArg1

output

Subset of input domain

Worst-case error
bounds for
plObsrvin_1.fltArg1
output [ulp]

Allowed specific values
(regardless the error
bounds) for
plObsrvin_1.fltArg1

range, i.e.

{x | XcNU{-0, +0} A |pPhaseErr| >}

output
Any of the inputs is denormalized, NaN, or infinity, i.e. (-]nf’ ]nf) Arbitrary floating-point
{X |Xﬂ Dt OVXNMz @} Kﬂﬁ? (including Inf, -Inf,
Normalized or zero input values with pPhaseErr beyond the allowed (_ In f In f ) Arbitrary floating-point

value (including Inf, -Inf,
NaN)

Normalized or zero input values which lead to normalized or zero
results, i.e.

{X | XcNU {-0, +0} A |pPhaseErr| <, }
ire (Nu {-0, +0})*

(-me3s, mess)

N/A

{X | XcNU({-0, +0} A |pPhaseErr| <m, }
In:ir,€ MV |iry| + me,-ULP(ir,) =Inf

Normalized or zero input values which cause an underflow, i.e. (-]nf’ ]nf) Arbitrary floa.ting-point

{X | XcNuU{-0, +0} A |pPhaseErr| <m, } @n‘; (including Inf, -Inf,
an:ir,# DA |ir,| -me,- ULP(ir,) €D

Normalized or zero input values which cause an overflow, i.e. (-]nf, ]nf) Arbitrary floating-point

value (including Inf, -Inf,
NaN)

Table 3-8. AMCLIB_BemfObsrvDQ_FLT Worst-Case Error Bounds - plObsrvin_1.fltArg2

output

Subset of input domain

Worst-case error
bounds for
plObsrvin_1.fltArg2
output [ulp]

Allowed specific values
(regardless the error
bounds) for
plObsrvin_1.fltArg2

range, i.e.

{X | XcNuU{-0, +0} A |pPhaseErr|>m}

output
Any of the inputs is denormalized, NaN, or infinity, i.e. (-]nf, ]nf) Arbitrary floating-point
{X |Xﬂ D+ OVXAM = @} \l:laaln(; (including Inf, -Inf,
Normalized or zero input values with pPhaseErr beyond the allowed (-]nf’ ]nf) Arbitrary floating-point

value (including Inf, -Inf,
NaN)

Normalized or zero input values which lead to normalized or zero
results, i.e.

X | XcNU({-0, +0} A |pPhaseErr| <m,
ire (Nu {-0, +0})*

(-mesq, mesq)

N/A

Table continues on the next page...
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Table 3-8. AMCLIB_BemfObsrvDQ_FLT Worst-Case Error Bounds - plObsrvin_1.fltArg2

output (continued)

Subset of input domain

Worst-case error
bounds for
plObsrvin_1.fltArg2
output [ulp]

Allowed specific values
(regardless the error
bounds) for
plObsrvin_1.fltArg2
output

Normalized or zero input values which cause an underflow, i.e.
{X | XcNU({-0, +0} A |pPhaseErr| <, }
an:ir,# DA |ir,| - me,- ULP(ir,) €D

(-Inf, Inf)

Arbitrary floating-point
value (including Inf, -Inf,
NaN)

Normalized or zero input values which cause an overflow, i.e.
{X | XcNU {-0, +0} A |pPhaseErr| <, }
In:ir,€MV |iry| + me,- ULP(ir,) =Inf

(-Inf, Inf)

Arbitrary floating-point
value (including Inf, -Inf,
NaN)

Table 3-9. AMCLIB_BemfObsrvDQ_FLT Worst-Case Error Bounds - plObsrv.fltArg1 output

Subset of input domain

Worst-case error

Allowed specific values

range, i.e.

{x | XcNU {-0, +0} A |pPhaseErr| >}

bounds for (regardless the error
plObsrv.fltArg1 output bounds) for
[ulp] plObsrv.fitArg1 output
Any of the inputs is denormalized, NaN, or infinity, i.e. (-]nf’ ]nf) Arbitrary floating-point
value (including Inf, -Inf,
{x xnDz@VvXnM=z O} NaN)
Normalized or zero input values with pPhaseErr beyond the allowed (-]nf, ]nf) Arbitrary floating-point

value (including Inf, -Inf,
NaN)

Normalized or zero input values which lead to normalized or zero
results, i.e.

{X | XcNU {-0, +0} A |pPhaseErr| <, }
ire (Nu {-0, +0})*

(-meyq, mey )

N/A

Normalized or zero input values which cause an underflow, i.e.
{X | XcNU{-0, +0} A |pPhaseErr| <m, }
an:ir,# DA |ir,| -me,-ULP(ir,) €D

(-Inf, Inf)

Arbitrary floating-point
value (including Inf, -Inf,
NaN)

Normalized or zero input values which cause an overflow, i.e.
{X | XcNU({-0, +0} A |pPhaseErr| <m, }
In:ir,€ MV |ir,| + me,-ULP(ir,) =Inf

(-Inf, Inf)

Arbitrary floating-point
value (including Inf, -Inf,
NaN)
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Table 3-10. AMCLIB_BemfObsrvDQ_FLT Worst-Case Error Bounds - plObsrv.fltArg2 output

Subset of input domain

Worst-case error

Allowed specific values

range, i.e.

{x | XCcNU {-0, +0} A |pPhaseErr| >}

bounds for (regardless the error
plObsrv.fltArg2 output bounds) for
[ulp] plObsrv.fitArg2 output
Any of the inputs is denormalized, NaN, or infinity, i.e. (-]nf, ]nf) Arbitrary floating-point
{X |Xﬂ D OVXNM# Z} \l:;lni (including Inf, -Inf,
Normalized or zero input values with pPhaseErr beyond the allowed (-]nf’ ]nf) Arbitrary floating-point

value (including Inf, -Inf,
NaN)

Normalized or zero input values which lead to normalized or zero
results, i.e.

{X | XcNU({-0, +0} A |pPhaseErr| <, }
ire (Nu {-0, +0})*

(-meyy mey,)

N/A

Normalized or zero input values which cause an underflow, i.e.
{X | XcNU({-0, +0} A |pPhaseErr| <m, }
an:ir,# DA |ir,| -me,- ULP(ir,) €D

(-Inf, Inf)

Arbitrary floating-point
value (including Inf, -Inf,
NaN)

Normalized or zero input values which cause an overflow, i.e.
{X | XcNU{-0, +0} A |pPhaseErr| <m, }
In:ir,€MV |iry| + me,-ULP(ir,) =Inf

(-Inf, Inf)

Arbitrary floating-point
value (including Inf, -Inf,
NaN)

3.2 Function AMCLIB TrackObsrv FLT

3.2.1 Declaration

void AMCLIB TrackObsrv FLT (tFloat fltPhaseErr,

AMCLIB TRACK OBSRV_T FLT *pCtrl) ;

3.2.2 Arguments

tFloat *pPosEst,

tFloat *pVelocityEst,

Table 3-11. AMCLIB_TrackObsrv_FLT arguments

Type Name Direction Description
tFloat fliPhaseErr input Input signal representing phase error of system to be
estimated.
tFloat * pPosEst output Estimated output position.
tFloat * pVelocityEst output Estimated output velocity.
Table continues on the next page...
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Table 3-11. AMCLIB_TrackObsrv_FLT arguments
(continued)

Type Name Direction Description
AMCLIB_TRACK_OBS |pCirl input, Pointer to a tracking observer structure
RV_T_FLT* output AMCLIB_TRACK_OBSRV_T_FLT, which contains algorithm
coefficients.

3.2.3 Worst-Case Error Bounds

Let (fltPhaseErr, fltCClsc, fltCC2sc, fltAcc, fltinErrK 1, fltUpperLimit, fltLowerLimit,
fltState, fltinK 1, fltC1) € X be a vector of inputs to AMCLIB_TrackObsrv_FLT,

fltAcc, fltState, fltInK 1 inputs represent real numbers with an error of max. +0.5 ulp,

iry= fltPhaseErr- fltCClsc,

me; =0,

ir,= fltInErrK1- fltCC2sc

me,=0

r3=ir;+ir;

me;=1

ie; = max( fe( |ir;| + meg- ULP(irs) ), fe(| fltAcc| +0.5- ULP( fltAcc)) ),

fltLowerLimit0, ir;+ fltAcc < fltLowerLimit
ir, =\ fltUpperLimit,  irs+ fltAcc> fltUpperLimit
irs+ fltAcc, otherwise

ie;=fe(iry),

0, ie;-ie; <0
cby=1y. . .
161-162, 161-16‘2>0 s
0, ir,+(0.5+1.5-2™) - ULP(ir,) < fltLowerLimit
me, = 0, ir,- (0.5+1.5-2) - ULP(ir,) > fltUpperLimit
0.5+1.5- 21 otherwise

b

ie;=max( fe( |iry| + me,- ULP(ir,) ), fe(| fltInK1| +0.5- ULP( fItinK1) ) )

irg=iry+ fltInK1
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ie,=fe(irs),

0,
cb,=

les-le, le3-ie,>0

iez-ie, <0

mes = 0.5+ (me,+0.5) - 2

1r6=1r5fltC1,

meg=2-mes

ies;=max (fe( |irg| + mes- ULP(ire) ), fe(| fitState| +0.5- ULP( fitState) ) )

ir;=irg+ fltState

ieg=fe(ir;),

{ O’
cby=1y. . L
les-ie, les-ieg>0

me;= 0.5+ (meg+0.5) - 2

then

Table 3-12. AMCLIB_TrackObsrv_FLT Worst-Case Error Bounds - pVelocityEst output

Subset of input domain

Worst-case error
bounds for pVelocityEst
output [ulp]

Allowed specific values
(regardless the error
bounds) for

{X | XcNU({-0, +0} A |pPhaseErr| <m, }
In:ir,€ MV |iry| + me,-ULP(ir,) =Inf

pVelocityEst output
Any of the inputs is denormalized, NaN, or infinity, i.e. (-]nf’ ]nf) Arbitrary floating-point
{X |Xﬂ D+ OVXNMz @} \l:la;n? (including Inf, -Inf,
Normalized or zero input values with pPhaseErr beyond the allowed (_ In f In f ) Arbitrary floating-point
range, i.e. value (including Inf, -Inf,
{x | XcNU{-0, +0} A |pPhaseErr| >} Na)
Normalized or zero input values which lead to normalized or zero (-me4, me4) N/A
results, i.e.
{X | XcNU {-0, +0} A |pPhaseErr| <, }
ire (Nu {-0, +0})*

Normalized or zero input values which cause an underflow, i.e. (-]nf’ ]nf) Arbitrary floating-point

value (including Inf, -Inf,
{X XcNU{-0, +0} A |pPhaseErr| <m, } NaN)

an:ir,# DA |ir,| -me,- ULP(ir,) €D

Normalized or zero input values which cause an overflow, i.e. (-]nf, ]nf) Arbitrary floating-point

value (including Inf, -Inf,
NaN)
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Table 3-13. AMCLIB_TrackObsrv_FLT Worst-Case Error Bounds - pParamPl.fltAcc output

Subset of input domain Worst-case error Allowed specific values
bounds for (regardless the error
pParamPL.fltAcc output bounds) for
[ulp] pParamPl.fltAcc output

Any of the inputs is denormalized, NaN, or infinity, i.e. (-]nf, ]nf) Arbitrary floating-point
{X |Xﬂ D OVXNM# @} K;Ini (including Inf, -Inf,
Normalized or zero input values with pPhaseErr beyond the allowed (-]nf’ ]nf) Arbitrary floating-point
range, i.e. value (including Inf, -Inf,
{x | XcNU{-0, +0} A |pPhaseErr| >} NaN)
Normalized or zero input values which lead to normalized or zero (_me4, me4) N/A

results, i.e.

{X | XcNU({-0, +0} A |pPhaseErr| <, }
ire (Nu {-0, +0})*

Normalized or zero input values which cause an underflow, i.e. (-]nf' ]nf) Arbitrary floating-point
value (including Inf, -Inf,

{X | XcNU({-0, +0} A |pPhaseErr| <m, } NaN)

an:ir,# DA |ir,| -me,- ULP(ir,) €D

Normalized or zero input values which cause an overflow, i.e. (-]nf’ ]nf) Arbitrary floating-point
value (including Inf, -Inf,

{X XcNU{-0, +0} A |pPhaseErr| <m, } NaN)

In:ir,€MV |iry| + me,-ULP(ir,) =Inf

Table 3-14. AMCLIB_TrackObsrv_FLT Worst-Case Error Bounds - pParamPI.fltiInErrK1

output
Subset of input domain Worst-case error Allowed specific values
bounds for (regardless the error
pParamPLfltinErrK1 bounds) for
output [ulp] pParamPLfltinErrK1
output
Entire input domain 0 N/A

Table 3-15. AMCLIB_TrackObsrv_FLT Worst-Case Error Bounds - pPosEst output

Subset of input domain Worst-case error Allowed specific values
bounds for pPosEst (regardless the error
output [ulp] bounds) for pPosEst
output
Any of the inputs is denormalized, NaN, or infinity, i.e. (-]nf’ ]nf) Arbitrary floating-point
value (including Inf, -Inf,
(X xnDz@VvXnM=z D} Nak,

Table continues on the next page...
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Table 3-15. AMCLIB_TrackObsrv_FLT Worst-Case Error Bounds - pPosEst output

(continued)

Subset of input domain

Worst-case error
bounds for pPosEst
output [ulp]

Allowed specific values
(regardless the error
bounds) for pPosEst

{X | XcNU{-0, +0} A |pPhaseErr| <m, }
In:ir,€ MV |iry| + me,-ULP(ir,) =Inf

output
Normalized or zero input values with pPhaseErr beyond the allowed (-]nf’ ]nf) Arbitrary floating-point
range, i.e. value (including Inf, -Inf,
{x | XcNU{-0, +0} A |pPhaseErr| >} Na)
Normalized or zero input values which lead to normalized or zero (-me% me7) N/A
results, i.e.
{X | XcNU {-0, +0} A |pPhaseErr| <, }
ire (Nu {-0, +0})*
Normalized or zero input values which lead to normalized or zero (-]nf’ ]nf) N/A
results with output wrap-around, i.e.
X | XcNU{-0, +0} A |pPhaseErr| <m,
ire (NU{-0, +0} )* A
|ir;| + me,- ULP(ir;) >mV
|ir;| -me,-ULP(ir;) < -m
Normalized or zero input values which cause an underflow, i.e. (-]nf, ]nf) Arbitrary floating-point
value (including Inf, -Inf,
X | XcNuU({-0, +0} A |pPhaseErr| <, NaN)
n:ir,+ DA |ir,| -me,-ULP(ir,) €D
Normalized or zero input values which cause an overflow, i.e. (-]nf’ ]nf) Arbitrary floating-point

value (including Inf, -Inf,
NaN)

Table 3-16. AMCLIB_TrackObsrv_FLT Worst-Case Error Bounds - pParaminteg.fltState

output

Subset of input domain

Worst-case error
bounds for
pParaminteg.fltState
output [ulp]

Allowed specific values
(regardless the error
bounds) for
pParaminteg.fltState

results, i.e.

Table continues on the next page...

output
Any of the inputs is denormalized, NaN, or infinity, i.e. (-]nf’ ]nf) Arbitra_ry floa_ting-point
{X |Xﬂ D+ OVXNM = @} Kja;w; (including Inf, -Inf,
Normallized or zero input values with pPhaseErr beyond the allowed (-]nf, ]nf) Arbitrary floa.ting-point
range, i.e. value (including Inf, -Inf,
{X | XcNuU {-0, +0} A |pPhaseErr| >} NaN)
Normalized or zero input values which lead to normalized or zero (_me% me7) N/A
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Table 3-16. AMCLIB_TrackObsrv_FLT Worst-Case Error Bounds - pParaminteg.fltState

output (continued)

Subset of input domain

Worst-case error
bounds for
pParaminteg.fltState
output [ulp]

Allowed specific values
(regardless the error
bounds) for
pParaminteg.fltState
output

{X | XcNU {-0, +0} A |pPhaseErr| <, }
ire (Nu {-0, +0})*

{X | XcNU{-0, +0} A |pPhaseErr| <m, }
In:ir,€MV |iry| + me,-ULP(ir,) =Inf

Normalized or zero input values which cause an underflow, i.e. (-]nf’ ]nf) Arbitrary floating-point
value (including Inf, -Inf,
{X XcNU{-0, +0} A |pPhaseErr| <m, } NaN)
an:ir,# DA |ir,| -me,- ULP(ir,) €D
Normalized or zero input values which cause an overflow, i.e. (-]nf, ]nf) Arbitrary floating-point

value (including Inf, -Inf,
NaN)

Table 3-17. AMCLIB_TrackObsrv_FLT Worst-Case Error Bounds - pParaminteg.fltinK1

output

Subset of input domain

Worst-case error
bounds for
pParaminteg.fltinK1
output [ulp]

Allowed specific values
(regardless the error
bounds) for
pParaminteg.fltinK1

{X | XcNU{-0, +0} A |pPhaseErr| <m, }
In:ir,€MV |iry| + me,-ULP(ir,) =Inf

output

Any of the inputs is denormalized, NaN, or infinity, i.e. (-]nf’ Il’lf) Arbitrary floating-point
{X |Xﬂ D+ OVXAM = @} \l:laaln(; (including Inf, -Inf,
Normalized or zero input values with pPhaseErr beyond the allowed (-]nf, ]nf) Arbitrary floating-point
range, i.e. value (including Inf, -Inf,
{X| XcNuU {-0, +0} A |pPhaseErr| >} NaN)
Normalized or zero input values which lead to normalized or zero (_me4, me4) N/A
results, i.e.

X | XcNU({-0, +0} A |pPhaseErr| <m, }

ire (Nu {-0, +0})*
Normalized or zero input values which cause an underflow, i.e. (-]nf, ]nf) Arbitrary floating-point
value (including Inf, -Inf,
X | XcNuU({-0, +0} A |pPhaseErr| <m, NaN)
n:ir,+ DA |ir,| -me,-ULP(ir,) €D

Normalized or zero input values which cause an overflow, i.e. (-]nf’ ]nf) Arbitrary floating-point

value (including Inf, -Inf,
NaN)

Automotive Math and Motor Control Library Set for NXP S32K14x devices, Rev. 3

NXP Semiconductors

35



A
Function GDFLIB_FilterFIR_FLT

3.3 Function GDFLIB FilterFIR _FLT

3.3.1 Declaration

tFloat GDFLIB FilterFIR FLT(tFloat fltIn, const GDFLIB FILTERFIR PARAM T FLT *const pParam,

GDFLIB FILTERFIR STATE T FLT *const pState);

3.3.2 Arguments
Table 3-18. GDFLIB_FilterFIR_FLT

arguments

Type Name Direction Description
tFloat fltin input Input value.
const pParam input Pointer to a parameter structure.
GDFLIB_FILTERFIR_P
ARAM_T_FLT *const
GDFLIB_FILTERFIR_S |pState input, Pointer to a filter state structure.
TATE_T_FLT *const output

3.3.3 Worst-Case Error Bounds
Let (fltIn, CoefBuf, InBuf) € X be a vector of inputs to GDFLIB_FilterFIR_FLT,

CoefBuf = (CoefBuf , CoefBuf , ..., CoefBuf . . ) ,

InBuf = ( fltin, fltin_, ..., fltin

i t—u320rder), where 7 is the current time,

refResult be the theoretical exact result,

mr = CoefBuf © InBuf je. a vector of element-wise multiplication results of vectors
CoefBuf and InBuf,

K
ST = (813 STy ) STy320rder-1)s ST = ZFOCoefBufn ' I”Bufn, i.e. a vector of partial sums of
element-wise multiplication results of vectors CoefBuf and InBuf,

ie; = mrzilx(fe(mr,,) )
ie;=fe(refResult)
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b 0, iel-iEZS O
chy=9%. . ..
U \ieg-iey iej-ie;>0

u320rder-2
2

il
me=0.5- (u320rder+1) - 2“’1+Z:‘1(

then

)ceil(logz(n+ 1) ) +Zi:

I{ u320rder-2

2

ceil(logz(n+ 1) )

Table 3-19. GDFLIB_FilterFIR_FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

overflow, i.e.

Input yalues which cont_ain at least one denormalized number while (-]nf’ ]nf) N/A
other inputs are normalized or zero, i.e.

{ (fltIn, CoefBuf, InBuf ) € X |}

XNM=OANXND+ QD

Input values which contain at least one NaN, Inf, or -Inf, i.e. N/A Arbitrary floating-point
{ (fItIn, CoefBuf, InBuf ) €X | Xn M= &} mﬁ (including Inf, -Inf,
Normalized or zero input values which lead to normalized or zero (_me, me) N/A
results, i.e.

! ( fltin, CoefBuf, InBuf ) € X | !

XcNu{-0, +0},
mr € (N U {-0, + 0} )u320rder+1,
< sre (N U {_0, + 0} )u320rder-1’ >
refResult=0V
|ref Result| - me-ULP(refResult) & D A

\ ( |refResult| + me- ULP(refResult) # Inf ] i

Normalized or zero input values which cause result overflow, i.e. (-]nf’ ]nf) {Inf, -Inf, NaN}
( fltin, CoefBuf, InBuf) € X |
XcNu{-0 +0},
|ref Result| + me-ULP(refResult) € M
Normalized or zero input values which cause result underflow, i.e. (-]nf’ ]nf) N/A
( fltin, CoefBuf, InBuf) € X |
XcNu({-0, +0},
|refResult| - me-ULP(refResult) € D A
refResult # 0

Normalized or zero input values which cause intermediate result (-]nf’ ]nf) {Inf, -Inf, NaN}

Table continues on the next page...
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Table 3-19. GDFLIB_FilterFIR_FLT Worst-Case Error Bounds - Return Value
(continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)

( fltIn, CoefBuf, InBuf) € X |
XcNu{-0, +0},
dmr,eMV
3 (|sr,| +me-ULP(sr,)) EM

Normalized or zero input values which cause intermediate result (_[nf, [nf) N/A
underflow, i.e.

( fltin, CoefBuf, InBuf) € X |
XcNu{-0, +0},
Amr,eDV
3 (|sry|-me-ULP(sr,) ) €D, sr#0

3.4 Function GDFLIB_FilterlIR1_FLT

3.4.1 Declaration

tFloat GDFLIB FilterIIR1 FLT (tFloat fltIn, GDFLIB FILTER IIR1 T FLT *const pParam) ;

3.4.2 Arguments
Table 3-20. GDFLIB_FilterlIR1_FLT arguments

Type Name Direction Description
tFloat fltin input Value of the input signal to be filtered in step (k). Input is a 32-
bit number that contains a single precision floating point
value.
GDFLIB_FILTER_IIR1_ |pParam input, Pointer to a filter structure with a filter buffer and filter
T_FLT *const output parameters. Arguments of the structure contain single
precision floating point values.
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3.4.3 Worst-Case Error Bounds

Let (fltIn, fitBO, fltB1, flA1, fitFiltBufferX, fltFiltBufferY) € X be a vector of inputs to

GDFLIB_FilterlIR1_FLT,

refResult be the theoretical exact result,

mr = ( fltn, fItFiltBuf ferX, fItFiltBuf ferY) ® ( fItBO, fItB, fItA1) j.e. a vector of
element-wise multiplication results of vectors (fltIn, fltFiltBufferX, fltFiltBufferY) and

(fltBO, fltB1, fltAl),
sr= fltin- fItBO+ fItFiltBuf ferX - fItB1

ie;= mrzlix(fe[mr,,) )

ie,=fe(refResult)

0,
ch=4. . o -ie.>0
161-182, 1e1'162> N

ie;-ie;<0

me=0.5+2.5-27,

the fltFiltBufferY input represents a real number with an error of max. 0.5 ulp,

then

Table 3-21. GDFLIB_FilterlIR1_FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

results, i.e.

Input values which contain at least one denormalized number while (-]nf’ ]nf) N/A
other inputs are normalized or zero, i.e.
fltIn, fItBO, fItB1, fltA1,
FltFiltBuf ferX, fltFiltBuf fery ) €%
XNM=INXNDz+ D
Input values which contain at least one NaN, Inf, or —Inf, i.e. N/A Arbitrary floating-point
fltIn, fItBO, fItB1, fItAl, X Kjalw; (including Inf, —Inf,
, , € a
fItFiltBuf ferX, fItFiltBuf ferY
XNnM# O
Normalized or zero input values which lead to normalized or zero (_me, me) N/A

Table continues on the next page...
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Table 3-21. GDFLIB_FilterlIR1_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)

f fltin, fItBO, fItB], fItAl, \

( FItFiltBuf ferX, fltFiltBuf ferY] € ‘

XCNU {-0, +0}, mr e NU320rder+1

( sreNU {-0, +0}, |
refResult=0V

(|refResult|-me-ULP(refResult) € D A

\ |refResult| + me- ULP(refResult) # Inf) /

Normalized or zero input values which cause result overflow, i.e. (-]nf, ]nf) {Inf, -Inf, NaN}

[ fltIn, fItBO, fItB1, fItA], )

\ fItFiltBuf ferX, fItFiltBuf ferY
XcNu{-0, +0},

\ |refResult| + me-ULP(refResult) EM |

Normalized or zero input values which cause result underflow, i.e. (-]nf, [nf) N/A

[ fltin, fItBO, fItB1, fItAl, !
( FItFiltBuf ferX, fltFiltBuf ferY) €X

{ XcNu{-0, +0}, )
|refResult| - me-ULP(refResult) €D A

\ refResult # 0 }

Normalized or zero input values which cause intermediate result (-]nf, ]nf) {Inf, -Inf, NaN}
overflow with normalized or zero reference output, i.e.

t( fltln, fItBO, fItB1, fltAL, \

( FltFiltBuf ferX, fltFiltBuf ferY] €X ‘

{ XcNu{-0, +0}, )
mr e Mu320rder+1 Vv

\ |sr| +me-ULP(sr) EM )

Normalized or zero input values which cause intermediate result (-]nf, ]nf) {Inf, -Inf, NaN}
underflow with normalized or zero reference output, i.e.

(( fltin, fItBO, fItB1, fltAL, \
( FILFiltBuf ferX, fItFiltBuf ferY) € ‘
{ XcNu{-0, +0}, )
Du320rder+1 Vv

|ex

mr €
\ |sr|-me-ULP(sr) €D, sr+0 )
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Table 3-22. GDFLIB_FilterlIR1_FLT Worst-Case Error Bounds - fltFiltBufferY Output

Subset of input domain

Worst-case error
bounds for fltFiltBufferY
output [ulp]

Allowed specific values
(regardless the error
bounds) for
fItFiltBufferY output

Input values which contain at least one denormalized number while
other inputs are normalized or zero, i.e.

Fltin, FItBO, fItB1, fItA1,
FltFiltBuf ferX, fltFiltBuf fery ) €%
XNM=OANXND+ D

(-Inf, Inf)

N/A

Input values which contain at least one NaN, Inf, or —Inf, i.e.

Fltln, fItBO, fItB1, fItAL,
FltFiltBuf ferX, fltFiltBuf fery ) €%
XNnM#Q

N/A

Arbitrary floating-point
value (including Inf, —Inf,
NaN)

Normalized or zero input values which lead to normalized or zero

results, i.e.
p fltIn, fItBO, fItB1, fItA1, \
( FItFiltBuf ferX, fltFiltBuf ferY] €x ‘
XCcNU {-0, +0}, mr € NW320rder+l
( srENU {-0, +0}, |
refResult=0V

(|refResult| - me-ULP(refResult) & D A
\ |refResult| + me-ULP(refResult) #Inf ) |

(-me, me)

N/A

Normalized or zero input values which cause result overflow, i.e.

([ fltin, fItBO, fItB1, fItAl, ‘

| FItFiltBuf ferX, fltFiltBuf ferY] €X
XcNu{-0, +0},

\ |refResult| + me-ULP(refResult) EM )

(-Inf, Inf)

{Inf, -Inf, NaN}

Normalized or zero input values which cause result underflow, i.e.

(( fltn, fItBO, fItB1, fItAl, \
FItFiltBuf ferX, fltFiltBuf ferY) €X

{ XcNu{-0, +0}, )
|ref Result| - me-ULP(refResult) € D A

\ refResult # 0 }

(-Inf, Inf)

N/A

Normalized or zero input values which cause intermediate result
overflow with normalized or zero reference output, i.e.

(-Inf, Inf)

Table continues on the next page...

{Inf, -Inf, NaN}
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Table 3-22. GDFLIB_FilterlIR1_FLT Worst-Case Error Bounds - fltFiltBufferY Output

(continued)

Subset of input domain

Worst-case error
bounds for fltFiltBufferY
output [ulp]

Allowed specific values
(regardless the error
bounds) for
fItFiltBufferY output

( fltIn, fItBO, fItB1, fItAl,
(fItFiltBufferX, fItFiltBuf ferY

{ XcNu{-0, +0},

u320rder+1y,

\
Jex|

mr €

\ |sr| + me-ULP(sr) e M )

Normalized or zero input values which cause intermediate result

underflow with normalized or zero reference output, i.e.
((  fltn, fItBO, fItB1, fItAl, \

FItFiltBuf ferX, fltFiltBuf fery | €%

{ XcNu{-0, +0},

mr € Du320rder+1 V

\ |sr|-me-ULP(sr) €D,sr+0 }

(-Inf, Inf)

{Inf, -Inf, NaN}

Table 3-23. GDFLIB_FilterlIR1_FLT Worst-Case Error Bounds - fltFiltBufferX Output

Subset of input domain

Worst-case error
bounds for fltFiltBufferX
output [ulp]

Allowed specific values
(regardless the error
bounds) for
fltFiltBufferX output

Entire input domain

fltin

3.5 Function GDFLIB_FilterlIR2_FLT

3.5.1 Declaration

tFloat GDFLIB FilterIIR2 FLT (tFloat fltIn, GDFLIB FILTER IIR2 T FLT *const pParam) ;
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3.5.2 Arguments
Table 3-24. GDFLIB_FilterlIR2_FLT arguments

Type Name Direction Description
tFloat fltin input Value of the input signal to be filtered in step (k). Input is a 32-
bit number that contains a single precision floating point
value.
GDFLIB_FILTER_IIR2_ |pParam input, Pointer to a filter structure with a filter buffer and filter
T_FLT *const output parameters. Arguments of the structure contain single
precision floating point values.

3.5.3 Worst-Case Error Bounds

Let (fltIn, fitBO, fltB1, fltB2, flA1, flIA2, fltFiltBufferX, fltFiltBufferY) € X be a vector of
inputs to GDFLIB_FilterlIR2_FLT,

SItFiltBuf ferX = ( fItFiltBuf ferX , fItFiltBuf ferX )
fItFiltBuf ferY = (fltFiltBufferYO, fItFiItBufferYl)

refResult be the theoretical exact result,

mr = ( fltIn, fItFiltBuf ferX, fItFiltBuf ferY ) ® ( fItBO, fItB1, fItB2, fItAl, fltA2) je. a

vector of element-wise multiplication results of vectors (fltIn, fltFiltBufferX,
JUFiltBufferY) and (fitBO, fitB1, fltB2, flA1, flA2),

srl=flt1n-fltBO+fItFiItBufferX0-fItBl,
sro=sri+ fItFiltBuf ferX - fItBZ,

sr3=sry+ fItFiltBuf ferY - fItAl,

Sr= (Sry Sry srs),

ie; = mrzilx(fe(mr,,) )’

ie;=fe(refResult)

0, ie;-ie,<0
cb=y. . o
le -ie, leq-ie;>0

me=0.5+5-2%
the fltFiltBufferY, input represents a real number with an error of max. +0.5 ulp,
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then

Table 3-25. GDFLIB_FilterlIR2_FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

Input values which contain at least one denormalized number while

other inputs are normalized or zero, i.e.

( fltIn, fItBO, fItB1, fItB2, fItAl, fItA2, ) H

fItFiltBuf ferX, fItFiltBuf ferY
XNM=OANXND# J

(-Inf, Inf)

N/A

Input values which contain at least one NaN, Inf, or —Inf, i.e.

fltin, fItBO, fItB1, fItB2, fItAl, fItA2, )
fItFiltBuf ferX, fItFiltBuf ferY

XNM=zQ )

N/A

Arbitrary floating-point
value (including Inf, —Inf,
NaN)

Normalized or zero input values which lead to normalized or zero

results, i.e.
p( fltIn, fItBO, fItB1, fItB2, fItAl, fItA2, ) Y ‘q
(S

fItFiltBuf ferX, fItFiltBuf ferY
XcNU {_O; +O};
< mre (Nu {-0, +0} )U320rder+1’

sre (NU {-0, +0) )320rderL
refResult =0V
|ref Result| - me- ULP(refResult) € D A
\ ( |ref Result| + me- ULP(ref Result) ¢Inf) f

(-me, me)

N/A

Normalized or zero input values which cause result overflow, i.e.

[ ( fltIn, fItBO, fItB1, fItB2, fItAl, fItA2, \
( fItFiltBuf ferX, fItFiltBuf ferY ] ‘
XcNu{-0, +0},

\ |ref Result| + me-ULP(refResult) € M J

(-Inf, Inf)

{Inf, -Inf, NaN}

Normalized or zero input values which cause result underflow, i.e.

[ ( fltin, fItBO, fItB1, fItB2, fItAl, fItA2, }
( FltFiltBuf ferX, fItFiltBuf ferY ) X

{ XcNu{-0, +0},

|ref Result| - me- ULP(refResult) € D A

\ refResult # 0 )

(-Inf, Inf)

N/A

Normalized or zero input values which cause intermediate result
overflow, i.e.

(-Inf, Inf)

Table continues on the next page...

{Inf, -Inf, NaN}
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Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

Table 3-25. GDFLIB_FilterlIR2_FLT Worst-Case Error Bounds - Return Value (continued)
P(fltln, fItBO, fItB1, fItB2, fItAl, fItA2,

W
FItFiltBuf ferX, fItFiltBuf ferY )EX ‘
( XcNU {-0, +0}, |
Amr,e MV
\ 3 (|sr,| + me-ULP(sr,)) EM )

fItFiltBuf ferX, fItFiltBuf ferY

Normalized or zero input values which cause intermediate result
{ XcNu{-0, +0},

underflow, i.e.
r( FltIn, fItBO, fItB1, fItB2, fltAl, fltA2, ) . ‘1
€
Admr,€DV
\ 3 (|srp| -me-ULP(sr,)) €D,sr#0 )

(-Inf, Inf)

{Inf, -Inf, NaN}

Table 3-26. GDFLIB_FilterlIR2_FLT Worst-Case Error Bounds - fltFiltBufferY, Output

Subset of input domain

Worst-case error

Allowed specific values

results, i.e.

bounds for (regardless the error
fitFiltBufferY, output bounds) for
[ulp] fltFiltBufferY, output
Input values which contain at least one denormalized number while (-]nf, ]nf) N/A
other inputs are normalized or zero, i.e.
fltin, fItBO, fItB1, fItB2, fItAl, fItA2, r
, , €
fItFiltBuf ferX, fItFiltBuf ferY
XNM=OANXND+ D
Input values which contain at least one NaN, Inf, or —Inf, i.e. N/A Arbitrary floating-point
fleIn, fItBO, fItB1, fltB2, fltAl, fltA2, Y ﬂ? (including Inf, -Inf,
a
FItFiltBuf ferX, fltFiltBuf fery | €
XNnM# D
Normalized or zero input values which lead to normalized or zero (_me, me) N/A

Table continues on the next page...
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Table 3-26. GDFLIB_FilterlIR2_FLT Worst-Case Error Bounds - fltFiltBufferY, Output
(continued)

Subset of input domain Worst-case error Allowed specific values
bounds for (regardless the error
fitFiltBufferY, output bounds) for
[ulp] fltFiltBufferY, output

[ ( fitin, fItBO, fItB1, fItB2, fItAl, fItA2, \
( fItFiltBuf ferX, fItFiltBuf ferY ) ‘
XcNu{-0, +0},

( mr e (NU {-0, +0} )!320rder+1 }

sr€ (NU {-0, +0})"320rdert
refResult =0V
|ref Result| - me-ULP(refResult) € D A
\ ( |refResult| + me- ULP( refResult) ;tInf) i

Normalized or zero input values which cause result overflow, i.e. (-]nf’ ]nf) {Inf, -Inf, NaN}

[ ( fltIn, fItBO, fItB1, fItB2, fItAl, fItA2, \
( fItFiltBuf ferX, fItFiltBuf ferY ) ‘

XcNuU{-0, +0}, }
\ |refResult| + me- ULP(refResult) € M )

Normalized or zero input values which cause result underflow, i.e. (-]nf, ]nf) N/A

( ( fltIn, fItBO, fItB1, fItB2, fItAl, fItA2, \
( FItFiltBuf ferX, fltFiltBuf ferY ) X

{ XcNu{-0, +0},

|ref Result| - me-ULP(refResult) €D A

\ refResult #0 )

Normalized or zero input values which cause intermediate result (-]nf’ ]nf) {Inf, -Inf, NaN}
overflow, i.e.

[ ( fltin, fItBO, fItB1, fItB2, fItAl, fItA2, \
[ fItFiltBuf ferX, fItFiltBuf ferY ) ‘
{ XcNuU{-0, +0},
Amr,e MV
\ 3 (|sr,| + me-ULP(sr,)) EM )

Normalized or zero input values which cause intermediate result (-]nf, ]nf) {Inf, -Inf, NaN}
underflow, i.e.

[ ( fltIn, fItBO, fItB1, fItB2, fItAl, fItA2, }
( fItFiltBuf ferX, fItFiltBuf ferY ] ‘
{ XcNU{-0, +0},

Admr,€DV

\ 3 (|srp| -me-ULP(sr,)) €D,sr+0 )
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Table 3-27. GDFLIB_FilterlIR2_FLT Worst-Case Error Bounds - fltFiltBufferY; Output

Subset of input domain

Worst-case error

bounds for (regardless the error
fitFiltBufferY, output bounds) for
[ulp] fItFiltBufferY, output

Allowed specific values

Entire input domain

fltFiltBufferY

Table 3-28. GDFLIB_FilterlIR2_FLT Worst-Case Error Bounds - fltFiltBufferX, Output

Subset of input domain

Worst-case error

bounds for (regardless the error
fitFiltBufferX, output bounds) for
[ulp] fltFiltBufferXy output

Allowed specific values

Entire input domain

fltin

Table 3-29. GDFLIB_FilterlIR2_FLT Worst-Case Error Bounds - fltFiltBufferX; Output

Subset of input domain

Worst-case error

Allowed specific values

bounds for (regardless the error
fitFiltBufferX, output bounds) for
[ulp] fltFiltBufferX; output
Entire input domain fltFiltBufferXq
3.6 Function GDFLIB_FilterMA_FLT
3.6.1 Declaration
tFloat GDFLIB FilterMA FLT (tFloat fltIn, GDFLIB FILTER MA T FLT *pParam);
3.6.2 Arguments
Table 3-30. GDFLIB_FilterMA_FLT arguments
Type Name Direction Description
tFloat fltin input Value of the input signal to be filtered in step (k). The value is

a single precision floating point data type.

GDFLIB_FILTER_MA_
T_FLT*

pParam input,

output

Pointer to the filter structure with a filter accumulator and a
smoothing factor.
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3.6.3 Worst-Case Error Bounds

Let (fltIn, fltAcc, fltLambda) € X be a vector of inputs to GDFLIB_FilterMA_FLT,

refResult be the theoretical exact result,

mry = fltin- fltLambda,
mr,=refResult- fltLambda

ie; = max( fe(mr,), fe( fltAcc) ),
ie,=fe(refResult)

iey-1e,<0
le-ie;>0
me;=0.5+0.5- 2"

refState=refResult-mr,

ie;=max( fe( |mr,| +2-me,- ULP(mr,) ), fe( |refResult| + me,- ULP(refResult)) )

ie,=fe(refState)

{ 0,
cb,=y. . L
2 - -
ies-ie,, Iez-ie,>0 ,

iez-ie, <0

cb,

9

me,=0.5+me;+ (2-me;) - 2

then

Table 3-31. GDFLIB_FilterMA_FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

result, i.e.

Input values which contain at least one denormalized number while (-]nf, ]nf) N/A
other inputs are normalized or zero, i.e.
{ ( fltIn, fltAcc, fltLambda) € X I}
XNM=OAXND+ QD
Input values which contain at least one NaN, Inf, or —Inf, i.e. N/A Arbitrary floating-point
{ ( fltIn, fltAcc, fltLambda) €X | X N M # &} Kﬁ,{ﬁ? (including Inf, =Int,
Normalized or zero input values which lead to normalized or zero ('melr mel) N/A

Table continues on the next page...
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Table 3-31. GDFLIB_FilterMA_FLT Worst-Case Error Bounds - Return Value

(continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

! ( fltIn, fltAcc, fltLambda) €X | !
XcNu {-0, +0},
< mr;€NU {-0, +0}, }
refResult=0V
|ref Result| - me,- ULP(refResult) € D A
\ \ |ref Result| + me; - ULP(refResult) ¢Inf]’ /

Normalized or zero input values which cause result overflow, i.e.

( fltIn, fltAcc, fltLambda) € X |
XcNu{-0 +0},
|ref Result| + me; - ULP(refResult) € M

(-Inf, Inf)

{Inf, -Inf, NaN}

Normalized or zero input values which cause result underflow, i.e.

( fltIn, fltAcc, fltLambda) € X |
XcNu{-0, +0},
|ref Result| - me,- ULP(refResult) € D A
refResult # 0

(-Inf, Inf)

N/A

Normalized or zero input values which cause intermediate result
overflow, i.e.

( fltIn, fltAcc, fltLambda) € X |
XcNu{-0, +0},
mr, € {Inf, -Inf }

(-Inf, Inf)

{Inf, -Inf, NaN}

Normalized or zero input values which cause intermediate result
underflow, i.e.

( fltIn, fltAcc, fltLambda) € X |
XcNu{-0, +0},
mri€D

(-Inf, Inf)

N/A

Table 3-32. GDFLIB_FilterMA_FLT Worst-Case Error Bounds - fltAcc Output

Subset of input domain

Worst-case error
bounds for fltAcc output

[ulp]

Allowed specific values
(regardless the error
bounds) for fltAcc
output

Input values which contain at least one denormalized number while
other inputs are normalized or zero, i.e.

(-Inf, Inf)

Table continues on the next page...

N/A
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Table 3-32. GDFLIB_FilterMA_FLT Worst-Case Error Bounds - fltAcc Output
(continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltAcc output| (regardless the error
[ulp] bounds) for fltAcc
output

{ (fltIn, fltAcc, flitLambda) € X |}
XNM=OANXNDz+ I

Input values which contain at least one NaN, Inf, or —Inf, i.e. N/A Arbitrary floating-point
{ (fItIn, fltAcc, fltLambda) €X | XM % &} Ny g fnf, ik
Normalized or zero input values which lead to normalized or zero ('meZ' mez) N/A

fltAcc output, i.e.

p ( fltIn, fltAcc, fltLambda) € X | \
XcNu{-0, +0},
mr;€NU {-0, +0}, mr,e NU {-0, +0},
refResult =0V
< |ref Result| - me,- ULP(refResult) € D A
( |ref Result| + me; - ULP( ref Result) ilnf)’
refState=0V
|refState| -me,- ULP(refState) € D A
\ ( |refState| + me,- ULP(refState) ¢Inf) i

Normalized or zero input values which cause fltAcc output overflow, (-]nf’ ]nf) {Inf, -Inf, NaN}
i.e.

( fltIn, fltAcc, fltLambda) € X |
XcNu{-0, +0},
|refState| + me,- ULP(refState) € M

Normalized or zero input values which cause fltAcc output (-]nf, ]nf) N/A
underflow, i.e.

( fltin, fltAcc, fltLambda) € X |
XcNu{-0, +0},
|refState| - me,- ULP(refState) € D A
refState# 0

Normalized or zero input values which cause intermediate results (-]nf, ]nf) {Inf, -Inf, NaN}
overflow, i.e.

( fltIn, fltAcc, fltLambda) € X |
XcNu {-0, +0},
mry € {Inf, -Inf},

|mry| +2-me;- ULP(mr,) = Inf

Table continues on the next page...
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Table 3-32. GDFLIB_FilterMA_FLT Worst-Case Error Bounds - fltAcc Output
(continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltAcc output| (regardless the error
[ulp] bounds) for fltAcc
output
Normalized or zero input values which cause intermediate results (_[nf’ [nf) N/A

underflow, i.e.

f ( fltIn, fltAcc, fltLambda) € X | 1
XcNu{-0, +0},
mr €DV
< refResult #0 A
(|refResult| -me; - ULP(refResult) € D v
\ (mry#0A |mry|-2-me,-ULP(mr,) €D) )

3.7 Function GFLIB Acos FLT

3.7.1 Declaration

tFloat GFLIB Acos_ FLT(tFloat fltIn, const GFLIB ACOS T FLT *const pParam) ;

3.7.2 Arguments
Table 3-33. GFLIB_Acos_FLT arguments

Type Name Direction Description
tFloat fltin input Input argument is a 32-bit number that contains a single
precision floating point value.
const pParam input Pointer to an array of approximation coefficients. The function
GFLIB_ACOS_T_FLT alias GFLIB_Acos uses the default coefficients.
*const

3.7.3 Worst-Case Error Bounds

Only the default approximation coefficients are considered.

Let fltIn € X be an input to GFLIB_Acos_FLT,
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then

Table 3-34. GFLIB_Acos_FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

{fItInEX|XnM=@,]
fltin< -1V fltin>1

Input NaN or infinity, i.e. N/A Arbitrary floating-point
{fItIn eX | fltInE M} Kjillw; (including Inf, —Inf,
Input denormalized, normalized or zero, and within the allowed input (-130)130) N/A
interval, i.e.
{fItInEX | xnm=g, }

-1< fltins 1
Input normalized and beyond the allowed range, i.e. N/A Arbitrary floating-point

value (including Inf, —Inf,
NaN)

3.8 Function GFLIB Asin_ FLT

3.8.1 Declaration

tFloat GFLIB Asin FLT(tFloat fltIn, const GFLIB ASIN T FLT *const pParam) ;

3.8.2 Arguments

Table 3-35. GFLIB_Asin_FLT arguments

Type Name Direction Description
tFloat fltin input Input argument is a 32-bit number that contains a single
precision floating point value.
const pParam input Pointer to an array of approximation coefficients.
GFLIB_ASIN_T_FLT
*const

3.8.3 Worst-Case Error Bounds

Only the default approximation coefficients are considered.
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Let fltIn € X be an input to GFLIB_Asin_FLT,
then

Table 3-36. GFLIB_ Asin_FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

{flt]nEXIXﬂM:@,}
fltin< -1V fltin>1

Input NaN or infinity, i.e. N/A Arbitrary floating-point
{flt]n €X | fItInE M} Kja;w; (including Inf, —Inf,
Input denormalized, normalized or zero, and within the allowed input (_155,155) N/A
interval, i.e.
{fItInEX | xnMm=g, ]

-1<fltin<1
Input normalized and beyond the allowed range, i.e. N/A Arbitrary floating-point

value (including Inf, —Inf,
NaN)

3.9 Function GFLIB Atan FLT

3.9.1 Declaration

tFloat GFLIB Atan FLT (tFloat fltIn,

3.9.2 Arguments

Table 3-37. GFLIB_Atan_FLT arguments

const GFLIB ATAN T FLT *const pParam) ;

Type Name Direction Description
tFloat fltin input Input argument is a single precision floating point number
between (-2 128, 2 128),
const pParam input Pointer to an array of rational polynomial coefficients.
GFLIB_ATAN_T_FLT
*const
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3.9.3 Worst-Case Error Bounds
Only the default approximation coefficients are considered.

Let fltIn € X be a an input to GFLIB_Atan_FLT,

then
Table 3-38. GFLIB_Atan_FLT Worst-Case Error Bounds - Return Value
Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
Input NaN, i.e. N/A Arbitrary floating-point
lue (including Inf, —Inf,
{fltlneX | fltin=NaN} Nany (including Inf, =In
Input not a NaN, i.e. (_3,3) N/A
{fltIne X | fltIn#NaN, }
3.10 Function GFLIB_AtanYX_FLT
3.10.1 Declaration
tFloat GFLIB_AtanYX FLT(tFloat fltInY, tFloat fltInX);
3.10.2 Arguments
Table 3-39. GFLIB_AtanYX_FLT arguments
Type Name Direction Description
tFloat fltinY input The ordinate of the input vector (y coordinate).
tFloat fltinX input The abscissa of the input vector (x coordinate).

3.10.3 Worst-Case Error Bounds
Let (fltInX, fltInY) € X be a vector of inputs to GFLIB_AtanYX_FLT,

refResult be the theoretical exact result,
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Table 3-40. GFLIB_AtanYX_FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

{(fltInY, flelnX)eX | X Nu {-0, +0}}

fltInY
iy € {Inf, -Inf}

Any of the inputs is denormalized, NaN, or invinity, i.e. N/A Arbitrary floating-point
{(fItInY, fltlX)eX | XnM# @vXnDz D} K,ﬂ;‘; (including Inf, ~=Inf,
Both inputs are normalized or zero, results normalized or zero, i.e. (-3.5,3.5) N/A
[ (fltInY, fltlnX) €X | X Nu {-0, +0}, )
r ENU {-0, +0},
< refResult=0V *
|refResult|-3.5- ULP(refResult) & D A
\\ |refResult| +3.5-ULP(refResult) #Inf ||
Both inputs are normalized or zero, result underflow, i.e. (-]nf, ]nf) N/A
(fltInY, fItInX)€X | Xc N U {-0, +0}
|refResult| -3.5- ULP(refResult) € D A
refResult # 0
Both inputs are normalized or zero, intermediate result overflow, i.e. (-]nf’ ]nf) {NaN, -Inf, Inf}

3.11 Function GFLIB_AtanYXShifted_FLT

3.11.1 Declaration

tFloat GFLIB AtanYXShifted FLT (tFloat fltInY,

*pParam) ;

tFloat fltInX,

const GFLIB ATANYXSHIFTED T FLT
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3.11.2 Arguments
Table 3-41. GFLIB_AtanYXShifted_FLT

arguments
Type Name Direction Description
tFloat fltinY input The value of the first signal, assumed to be sin( 6).
tFloat fltinX input The value of the second signal, assumed to be sin( 6 + AB).
const pParam input, The parameters for the function.
GFLIB_ATANYXSHIFT output
ED_T_FLT*

3.11.3 Worst-Case Error Bounds

Let (fltinX, fltInY, fltKx, fltKy, fltThetaAdj) € X be a vector of inputs to
GFLIB_AtanY XShifted_FLT,

iry= fltinY + fltInX
iry=iry" fltKy,
iry= fltInX - fltinY
iry=irg- fltKx

ire =atan2{iry, ir 4), where ir, is the y coordinate and ir, is the x coordinate and atan2(y, x)
is the four-quadrant arctangent function,

ir;=1ire- fltThetaAdj
ie;=max(fe(irg-10-ULP(iry) ), fe(ire+13.5-ULP(irg) ), fe( fltThetaAdj) )
ie;=fe(ir;),

cby=y. . o
17 \iey-iey ieq-ie;>0

me;=0.5+13.5- 2"
ie;=max( fe(ir;-me,- ULP(ir;) ), fe(ir;+me,-ULP(ir;) ), fe(2m) ),
ie,=fe(refResult)
0, ie;-ie, <0
cb2={ 37184

les-le, le3-ie,>0
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me,= 0.5+ (me;+0.5) -ZCbz,

me,,
me; =

me;, otherwise

refResult be the theoretical exact result,

then

( ir,+me;-ULP(ir;)>m) or ( ir;-me,-ULP(ir;) <-m)

Table 3-42. GFLIB_AtanYXShifted FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

overflow, i.e.

[ ( fItInX, fltInY, fltKx, fltKy, fltThetaAdj) € X |
XcNu{-0, +0},

* iry, |iry| +1.5- ULP(iry),

irs, |iry| +1.5-ULP(ir,),

NM=+Q
|ir+1.5ULP(ir)
\ i L.5ULP(ir,) /

Normali_zed or zero input values which lead to normalized or zero (_ mes, me3) N/A
results, i.e.
[ (fltInX, fltInY, fltKx, fItKy, fltThetaAdj) € X \
XcNu{-0, +0},
* {iry, iry, irs, iry, irs, irg, ir;} € NU {-0, +0},
refResult =0V
|ref Result| - mes- ULP(refResult) € D A
( |refResult| + me;- ULP(refResult) # Inf ) /
Input values which contain at least one NaN, Inf, or -Inf, i.e. N/A Arbitrary floating-point
{ ( fleInX, fleInY, fltKx, fItKy, fltThetaAdj) € X |} K;';j (including Inf, -Inf,
XNnM#J
Input values which contain at least one denormalized number while  |N/A Arbitrary floating-point
other inputs are normalized or zero, i.e. value (including Inf, -Inf,
{( fleInX, fleInY, fltKx, fItKy, fltThetaAdj) € X |} NaN)
XNM=DOANXND+ QD
Normalized or zero input values which cause result underflow, i.e. (-]nf’ ]nf) N/A
( fltInX, fItInY, fltKx, fItKy, fltThetaAdj) € X |
XcNu{-0, +0},
|refResult| - me;- ULP(refResult) €D A
refResult # 0
Normalized or zero input values which cause intermediate result (-]nf’ [nf) {Inf, -Inf, NaN}

Table continues on the next page...
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Table 3-42. GFLIB_AtanYXShifted FLT Worst-Case Error Bounds - Return Value
(continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
Normalized or zero input values which cause intermediate result (-]nf, ]nf) {Inf, -Inf, NaN}

underflow, i.e.

[ (fItinX, fltInY, fItKx, fItKy, fltThetaAdj) € X H

XcNu{-0, +0},
firy, |iry|-1.5-ULP(ir,),
irs, |iry| -1.5-ULP(ir,),

|ir +1.5ULP(ir)
ir - L.5ULP(ir,)’ ND#* &,

|irg| - 13.5- ULP(iry),
\ |ir;|-me,-ULP(ir;), |
iry20,ir, #0,irs#0,irg #0,ir; #0 J

3.12 Function GFLIB_ControllerPlp_FLT

3.12.1 Declaration

tFloat GFLIB ControllerPIp FLT(tFloat fltInErr, GFLIB CONTROLLER PI P T FLT *const pParam);

3.12.2 Arguments
Table 3-43. GFLIB_ControllerPlp_FLT arguments

Type Name Direction Description
tFloat fltinErr input Input error signal to the controller in single precision floating
format.
GFLIB_CONTROLLER |pParam input, Pointer to the controller parameters structure.
_PI_P_T_FLT *const output

3.12.3 Worst-Case Error Bounds

Let (fltInErr, fltPropGain, fltintegGain, fltintegPartK_1, fltiInK_1) € X be a vector of
inputs to GFLIB_ControllerPIp_FLT,
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fltIntegPartK_1 input represents a real number with an error of max. +0.5 ulp,

refResult be the theoretical exact result,

iry= fltInErr+ fltInK _1

ir,=iry- fltintegGain

ie;=max(fe(|ir,| + ULP(ir,) ), fe(| fitIntegPartK _1| +0.5- ULP( fitIntegPartK 1)) )

refinteg=fltintegPartK _1+ir;,

ie,=fe(refinteg)

0,
cby =

lei-le, iej-ie;>0

ie;-ie; <0

me;=0.5+1.5-2""

iry= fltInErr - fltPropGain,

ie;=max (fe(ir;), fe( |refInteg| + me,- ULP(refinteg)))

ie,=fe(refResult)

o o s
le;-ie,>0

b
me,=0.5+me;* 27"
b

then
Table 3-44. GFLIB_ControllerPlp_FLT Worst-Case Error Bounds - Return Value
Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
Any of the inputs is denormalized, others are normalized or zero, i.e. (-]nf’ ]nf) N/A
fltInErr, fltPropGain, fltintegGain, )
fltintegPartK _1, fltInK _1 }
XNDzINXNM=0D )
Any of the inputs is NaN or infinity, i.e. N/A Arbitrary floating-point
fItInErr, fltPropGain, fltintegGain, ) Klalne)ﬁ (including Inf, —Inf,
a
fltintegPartK _1, fltInK _1 X
XNnM# O )
Normalized or zero input values which lead to normalized or zero (-mez, mez) N/A
results, i.e.

Table continues on the next page...
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Table 3-44. GFLIB_ControllerPlp_FLT Worst-Case Error Bounds - Return Value
(continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)

[ ( fItInErr, fltPropGain, fItIntegGain, \
( fltIntegPartK _1, fltInK _1 ] ‘
XcNu{-0, +0},
{iry, ir, ir;} €N U {-0, +0},
< refintege NU {-0, +0}, }
refResult =0V
|ref Result| - me,- ULP(refResult) € D A
\ ( |refResult| + me,- ULP(refResult) ¢Inf] i

Normalized or zero input values which cause result underflow, i.e. (-]nf’ ]nf) N/A

F( fltInErr, fltPropGain, fltintegGain, ) 5 1
fltintegPartK _1, fltinK _1

{ XcNuU{-0, +0}, }
|ref Result| - me,- ULP(refResult) € D A

\ refResult # 0 J

Normalized or zero input values which cause result overflow, i.

[ ( fItInETrr, fltPropGain, fltintegGain, \
( fltintegPartK _1, fltinK _1 ) ‘

XcNu{-0, +0}, }
\ |refResult| + me, - ULP(refResult) =Inf )

Normalized or zero input values which cause intermediate result (-]nf’ [nf) {Inf, —Inf, NaN}
underflow, i.e.

| ( fItInErr, fltPropGain, fltintegGain, \
( fltintegPartK _1, fItInK _1 ] ‘
XcNu{-0, +0},

|ir,| -0.5-ULP(iry),
< |iry| -ULP(ir,),
|refInteg| - me,- ULP(refinteg), ND# A

irg

\ {iry, iry ir; refinteg} & {-0, +0} i

Normalized or zero input values which cause intermediate result (-]nf’ ]nf) {Inf, —Inf, NaN}
overflow, i.e.

®

(-Inf, Inf) {Inf, —Inf, NaN}
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Table 3-44. GFLIB_ControllerPlp_FLT Worst-Case Error Bounds - Return Value

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)

[ ( fItInErr, fltPropGain, fltintegGain, \

( fltintegPartK _1, fltIinK _1 ) ‘

XcNu{-0, +0},

( lir,| +0.5+ ULP(ir,), }
|ir,| + ULP(ir,),

|refInteg| + me;- ULP(refInteg),

\ Ir3 /

NM=zQ

Table 3-45. GFLIB_ControllerPlp_FLT Worst-Case Error Bounds - fltintegPartK_1 Output

Subset of input domain Worst-case error Allowed specific values
bounds for (regardless the error
fitintegPartK_1 output bounds) for
[ulp] fltintegPartK_1 output
Any of the inputs is denormalized, others are normalized or zero, i.e. (-]nf, ]nf) N/A

fltInErr, fltPropGain, fltintegGain, 1
fltintegPartK _1, fltinK _1 X
XND+INANXNM=0OD J

Any of the inputs is NaN or infinity, i.e. N/A Arbitrary floating-point
( fItInErr, fltPropGain, fltintegGain, ) ‘W \@w; (including Inf, —Inf,
fltintegPartK _1, fltInK _1 X
XNnM#Q )
Norrﬂali_zed or zero input values which lead to normalized or zero ('melr mel) N/A
results, i.e.

[ ( fItInErr, fltPropGain, fltIntegGain, \
[ fltintegPartK _1, fltIinK _1 ) ‘
XcNu{-0, +0},
( {iry, ir,} €N U {-0, +0}, }
refinteg=0Vv

|refInteg| - me,- ULP(refinteg) € D A
\ ( |refInteg| + me,- ULP(refinteg) ¢Inf) /

Normalized or zero input values which cause fltintegPartK_1 output (-]nf’ ]nf) N/A
underflow, i.e.

Table continues on the next page...
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Table 3-45. GFLIB_ControllerPlp_FLT Worst-Case Error Bounds - fltintegPartK_1 Output

(continued)

Subset of input domain

Worst-case error

Allowed specific values

overflow, i.e.

[ ( fItInErr, fltPropGain, fltintegGain, 1
( FltIntegPartK _1, fitIinK _1 ) €x ‘
4 XCcNuU{-0, +0}, )
|iry| +0.5- ULP(iry),
{ |ir,| + ULP(ir),

h }nM;t@ J

bounds for (regardless the error
flitintegPartK_1 output bounds) for
[ulp] fltintegPartK_1 output
[ ( fItInETrr, fltPropGain, fltintegGain, 1
fltintegPartK _1, fltinK _1 €x
{ XcNuU{-0, +0}, )
|refInteg| - me,- ULP(refinteg) € D A
\ refinteg# 0 J
Normalized or zero input values which cause fltintegPartK_1 output (-]nf’ Il’lf) {Inf, —Inf, NaN}
overflow, i.e.
fItInErr, fltPropGain, fltintegGain,
FltintegPartk 1, flitink 1 | €%
XcNu{-0, +0},
|refiInteg| + me;- ULP(refInteg) = Inf
Normalized or zero input values which cause intermediate result (-]nf, ]nf) {Inf, —Inf, NaN}
underflow, i.e.
[ ( fItInErr, fltPropGain, fltintegGain, W
FltIntegPartK _1, fitinK _1 €x
< XcNu{-0, +0}, }
lir,| -0.5- ULP(iry),
{ jiry| -ULP(ir), | "D*@A
n {iry ir,} € {-0, +0} J
Normalized or zero input values which cause intermediate result (-]nf, ]nf) {Inf, —Inf, NaN}

Table 3-46. GFLIB_ControllerPlp_FLT Worst-Case Error Bounds - fltinK_1 Output

Subset of input domain

Worst-case error
bounds for fltinK_1
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltinK_1

output

Entire input domain

fltinErr
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3.13 Function GFLIB_ControllerPIpAW_FLT

3.13.1 Declaration

tFloat GFLIB_ ControllerPIpAW FLT (tFloat fltInErr, GFLIB_CONTROLLER PIAW P T FLT *const

pParam) ;

3.13.2 Arguments
Table 3-47. GFLIB_ControllerPIpAW_FLT

arguments
Type Name Direction Description
tFloat fltinErr input Input error signal to the controller is a single precision floating
point data type.
GFLIB_CONTROLLER |pParam input, Pointer to the controller parameters structure.
_PIAW_P_T_FLT output
*const

3.13.3 Worst-Case Error Bounds

Let (fltInErr, fltPropGain, fltintegGain, fltLowerLimit, fltUpperLimit, fltintegPartK_1,
fltinK_1) € X be a vector of inputs to GFLIB_ControllerPIpAW_FLT,

fltintegPartK_I input represents a real number with an error of max. +0.5 ulp,

refResult be the theoretical exact result,

iry= fltInErr+ fltInK _1

ir,=1iry fltintegGain_

ie;=max(fe(|ir,| + ULP(ir;) ), fe(| fitIntegPartK _1| +0.5- ULP( fltIntegPartK 1)) )
refinteg = fltintegPartK _1+ir,

ie;=fe(refinteg)

b, = { 0, ie;-ie;<0

iel'iez, iel-i€2>0 s
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0,
0,
0.5+1.5-2",

me; =
otherwise
iry= fltInErr- fltPropGain,

ie;=max(fe(ir3), fe([refinteg| + me,-ULP(refinteg)))
ie,=fe(refResult)

iez-ie, <0

le3-iey>0

b
me, = 0.5+ me, - 2°”
2

refInteg+ [0.5+ 1.5-26b1) -ULP(refinteg) < fltLowerLimit
refinteg- (0.5+ 1.5- ZCbl) -ULP(refinteg) > fltUpperLimit

2

then
Table 3-48. GFLIB_ControllerPIpAW_FLT Worst-Case Error Bounds - Return Value
Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)

Any of the inputs is denormalized, others are normalized or zero, i.e. (-]nf, [nf) N/A

[ [ fItInErT, fltPropGain, fltintegGain, )

) fltLowerLimit, fltUpperLimit, eX }

fltintegPartK _1, fltInK _1

\ XND+DAXNM=O )

Any of the inputs is NaN or infinity, i.e. N/A Arbitrary floating-point

[ ( fItInErr, fltPropGain, fltintegGain, ) \,:lalné)z (including Inf, =Inf,

a
) fltLowerLimit, fltUpperLimit, EX }
fltintegPartK _1, fltIinK _1

\ XnMz Q@ )

Normalized or zero input values which lead to normalized or zero ('mez mez) N/A

results, i.e.

Table continues on the next page...
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Table 3-48. GFLIB_ControllerPIpAW_FLT Worst-Case Error Bounds - Return Value
(continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)

| ( fItInErr, fltPropGain, fltIntegGain, \
fltLowerLimit, fltUpperLimit, ex
fltintegPartK _1, fltinK _1
XcNu{-0, +0},

{iry, ir, ir;} € NU {-0, +0}, }

refIntege NU {-0, +0},
refResult =0V
( |refResult| - me,-ULP(refResult) € D A
\ |refResult| + me,- ULP(refResult) ilnf) i

Normalized or zero input values which cause result underflow, i.e. (-]nf’ ]nf) N/A

[ fltInErr, fltPropGain, fltIntegGain, 1
fltLowerLimit, fltUpperLimit, eX
\  fltIntegPartK _1, fltInK _1
< XcNu{-0, +0}, }
|ref Result| - me,- ULP(refResult) € D A
\ refResult # 0 J

Normalized or zero input values which cause result overflow, i.e. (-]nf’ ]nf) {Inf, —Inf, NaN}

[ [ fItInETrr, fltPropGain, fltintegGain, 1
fltLowerLimit, fltUpperLimit, ex
{ fltintegPartK _1, fItInK _1 }
XcNu{-0, +0},
\ |refResult| +me, ULP(refResult) =Inf J

Normalized or zero input values which cause intermediate result (-]nf, ]nf) {Inf, —Inf, NaN}
underflow, i.e.

Table continues on the next page...
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Table 3-48. GFLIB_ControllerPIpAW_FLT Worst-Case Error Bounds - Return Value

(continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

| [ fltInErr, fltPropGain, fltIntegGain, \

fltLowerLimit, fItUpperLimit, eEX
fltintegPartK _1, fltinK _1
XcNu{-0, +0},
|lr1| = 0.5 ULP(lrl),
ir,| -ULP(ir,),
|ir,| (ir) nD% DA

|refInteg| - me,- ULP(refinteg),
ir3
i {iry, iry iry, reflnteg} & {-0, +0} |

Normalized or zero input values which cause intermediate result
overflow, i.e.

| (fItInErr, fltPropGain, fltintegGain, \
fltLowerLimit, fltUpperLimit, eEX
fltintegPartK _1, fItInK _1
XcNu{-0, +0},
|ir;] +0.5- ULP(iry),
|ir,| + ULP(ir,),
|refInteg| + me,- ULP(reflInteg),
\ irs ‘

NM#Q

(-Inf, Inf)

{Inf, —Inf, NaN}

Table 3-49. GFLIB_ControllerPIpAW_FLT Worst-Case Error Bounds - fltintegPartK_1

Output

Subset of input domain

Worst-case error

Allowed specific values

fItInErr, fltPropGain, fltintegGain,
fltLowerLimit, fltUpperLimit,
fltIintegPartK _1, fltIinK _1
XND+DNXNM=0QD

eX

bounds for (regardless the error
flitintegPartK_1 output bounds) for
[ulp] fltintegPartK_1 output
Any of the inputs is denormalized, others are normalized or zero, i.e. (-]nf, ]nf) N/A

Any of the inputs is NaN or infinity, i.e.

N/A

Table continues on the next page...

Arbitrary floating-point
value (including Inf, —Inf,
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Table 3-49. GFLIB_ControllerPIpAW_FLT Worst-Case Error Bounds - fltintegPartK_1

Output (continued)

Subset of input domain

Worst-case error
bounds for
fltintegPartK_1 output

[ulp]

Allowed specific values
(regardless the error
bounds) for
fltintegPartK_1 output

fItInErr, fltPropGain, fltintegGain,
fltLowerLimit, fltUpperLimit, eEX
fltintegPartK _1, fltinK _1
XNM#Q

Normalized or zero input values which lead to normalized or zero
results, i.e.

[ ( fItInErr, fItPropGain, fltIntegGain, \
fltLowerLimit, fltUpperLimit, eEX
fltIintegPartK _1, fltIinK _1
XcNu{-0, +0},
< {iry,ir,} €NU {-0, +0}, +
refinteg=0V
|refInteg| - me,- ULP(refinteg) & D A
i [ |refInteg| + me,- ULP(refiInteg) ¢Inf) i

(-me;, mey)

N/A

Normalized or zero input values which cause fltIntegPartK_1 output
underflow, i.e.

[ [ fItInErr, fltPropGain, fltintegGain, 1

fltLowerLimit, fltUpperLimit, eX
fltintegPartK _1, fltinK _1

( XcNu{-0, +0},

|refInteg| - me,- ULP(refinteg) € D A

\ refinteg+ 0

(-Inf, Inf)

N/A

Normalized or zero input values which cause fltintegPartK_1 output
overflow, i.e.

[ ( fItInErT, fltPropGain, fltintegGain, 1

fltLowerLimit, fltUpperLimit, ex

{ fltintegPartK _1, fltInK _1 )
XcNu{-0, +0},

\ |refinteg| +me,- ULP(refinteg) = Inf J

(-Inf, Inf)

{Inf, —Inf, NaN}

Normalized or zero input values which cause intermediate result
underflow, i.e.

(-Inf, Inf)

Table continues on the next page...

{Inf, —Inf, NaN}
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Table 3-49. GFLIB_ControllerPIpAW_FLT Worst-Case Error Bounds - fltintegPartK_1

Output (continued)

Subset of input domain

Worst-case error

Allowed specific values

overflow, i.e.

[ ( fItInErT, fltPropGain, fltintegGain,
fltLowerLimit, fltUpperLimit,
fltintegPartK _1, fltInK _1
( XcNu{-0, +0},
|ir;| +0.5- ULP(iry),
[ |ir,| + ULP(ir,),

| }nM¢@

EX

|

bounds for (regardless the error
flitintegPartK_1 output bounds) for
[ulp] fitintegPartK_1 output
[ [ fltInErr, fltPropGain, fltintegGain, \
fltLowerLimit, fltUpperLimit, eX
fltIintegPartK _1, fltInK _1
XcNu{-0, +0}, }
|ir;] -0.5-ULP(iry),
vty |2
\ {iryir,} € {-0, +0} i
Normalized or zero input values which cause intermediate result (-]nf’ ]nf) {Inf, —Inf, NaN}

Table 3-50. GFLIB_ControllerPIpAW_FLT Worst-Case Error Bounds - fltinK_1 Output

Subset of input domain

Worst-case error
bounds for fltinK_1
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltinK_1

output

Entire input domain

fltinErr

3.14 Function GFLIB_ControllerPIr FLT

3.14.1 Declaration

tFloat GFLIB ControllerPIr FLT(tFloat fltInErr, GFLIB CONTROLLER PI R T FLT *const pParam);
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3.14.2 Arguments
Table 3-51. GFLIB_ControllerPIr_FLT arguments

Type Name Direction Description
tFloat fitInErr input Input error signal to the controller as a single precision
floating point value.
GFLIB_CONTROLLER |pParam input, Pointer to the controller parameters structure.
_PI_R_T_FLT *const output

3.14.3 Worst-Case Error Bounds

Let (fltinErr, fltCClsc, fltCC2sc, fltAcc, fltinErrK1) € X be a vector of inputs to
GFLIB_ControllerPIr_FLT,

fltAcc input represents a real number with an error of max. +0.5 ulp,

refResult be the theoretical exact result,

iry= fltInErr- fltCClsc,

iry= fltInErrK1- fltCC2sc

Ir3=irq+ irz,

ie;=max( fe( |irs| + ULP(irs) ), fe(| fltAcc| +0.5- ULP( fltAcc)) ),
ie;=fe(refResult)

0, ie;-ie; <0
cb=1. . o
le -ie, leq-ie;>0

me=0.5+1.5-2?,

then
Table 3-52. GFLIB_ControllerPIr_FLT Worst-Case Error Bounds - Return Value

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
Any of the inputs is denormalized, others are normalized or zero, i.e. (-]nf’ ]nf) N/A
fltInErr, fItCClsc, fltCC2sc,
X
fltAcc, fItInErrK1

XNDxIDANXNM=0Q

Table continues on the next page...
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Table 3-52. GFLIB_ControllerPIr_FLT Worst-Case Error Bounds - Return Value

(continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

Any of the inputs is NaN or infinity, i.e.
( fltInErr, fltCClsc, fItCC2sc, ) ‘

fltAcc, fltInErrK1
XNnM#Q

N/A

Arbitrary floating-point
value (including Inf, —Inf,
NaN)

Normalized or zero input values which lead to normalized or zero
results, i.e.

f fltInErr, fltCClsc, fItCC2sc, \
( fltAcc, fltInErrK1 ) ‘
XcNu{-0 +0},
( {iry iry irs} ©NU {-0, +0}, }
refResult=0V

|ref Result| - me- ULP(refResult) & D A
\ ( |ref Result| + me - ULP(ref Result) ;tInf) /

(-me, me)

N/A

( (fItInErr, fItCC1sc, fItCC2sc, ) \

fltAcc, fItInErrK1
{ XcNu{-0, +0}, ]
|ref Result| - me- ULP(refResult) € D A
\ refResult # 0 )

Normalized or zero input values which cause result underflow, i.e.

(-Inf, Inf)

N/A

Normalized or zero input values which cause result overflow, i.e.

[ ([ fltInErr, fItCC1sc, fItCC2sc, )
( fltAcc, fItInErrK1 ) €
XcNu{-0, +0},

\ |[ref Result| + me-ULP(refResult) = Inf |

(-Inf, Inf)

{Inf, —Inf, NaN}

Normalized or zero input values which cause intermediate result
underflow, i.e.

[ ( fItInErr, fItCClsc, fItCC2sc, \
( fltAcc, fltInErrK1 ) € ‘

{ XcNu {-0, +0},

{irpir}nDz Qv

\  (|ir3|-ULP(ir;) EDAIr;#0)

(-Inf, Inf)

{Inf, —Inf, NaN}

Normalized or zero input values which cause intermediate result
overflow, i.e.

(-Inf, Inf)

{Inf, —Inf, NaN}
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Table 3-52. GFLIB_ControllerPIr_FLT Worst-Case Error Bounds - Return Value

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

Subset of input domain
fltInErr, fltCC1lsc, fItCC2sc,
fltAcc, fItInErrK1 €x
XcNu{-0, +0},
{iry iry |irs] +ULP(irs) } nM = &

Table 3-53. GFLIB_ControllerPIr_FLT Worst-Case Error Bounds - fltAcc Output

Subset of input domain

Worst-case error
bounds for fltAcc output

[ulp]

Allowed specific values
(regardless the error
bounds) for fltAcc
output

(-Inf, Inf")

N/A

N/A

Arbitrary floating-point
value (including Inf, —Inf,
NaN)

(-me, me)

N/A

fltInErr, fltCC1lsc, fItCC2sc,
eX
fltAcc, fltInErrK1
fltAcc, fItInErrK1
refResult =0V
[
( (fItInErr, fItCC1sc, fItCC2sc,
{ XcNu {-0, +0}, ]

Any of the inputs is denormalized, others are normalized or zero, i.e.
fltAcc, fItInErrK1
XND+DANXNM=D

Any of the inputs is NaN or infinity, i.e.

fltInErr, fItCClsc, fltCC2sc,
eX
XnM=+QD

Normalized or zero input values which lead to normalized or zero

results, i.e.

f fltInErr, fltCClsc, fItCC2sc, \

eX
XcNu{-0, +0},

( {iry, iry ir3} €N U {-0, +0}, |
|ref Result| - me- ULP(refResult) € D A
|ref Result| + me- ULP(refResult) # Inf ||

Normalized or zero input values which cause fltAcc output

underflow, i.e.

)
fltAcc, fItInErrK1 ] €x ‘
|ref Result| - me- ULP(refResult) € D A
\ refResult # 0 }

(-Inf, Inf)

N/A

Table continues on the next page...
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Table 3-53. GFLIB_ControllerPIr_FLT Worst-Case Error Bounds - fltAcc Output

(continued)

Subset of input domain

Worst-case error
bounds for fltAcc output

[ulp]

Allowed specific values
(regardless the error
bounds) for fltAcc
output

i.e.

fltAcc, fltInErrK1
XcNu{-0, +0},

Normalized or zero input values which cause fltAcc output overflow,

' ( fltInErr, fltCClsc, fItCC2sc, ] ‘

\ |ref Result| + me- ULP(refResult) = Inf

(-Inf, Inf)

{Inf, —Inf, NaN}

underflow, i.e.

fltAcc, fltInErrK1

{ XcNu{-0, +0},
{irvir;}nD+ Dv

\  (|irs|-ULP(ir;) EDAir;#0)

Normalized or zero input values which cause intermediate result

r( fltInErr, fltCClsc, fItCC2sc, ) ‘1
€

/

(-Inf, Inf)

{Inf, —Inf, NaN}

overflow, i.e.

fltAcc, fltInErrK1
XcNu{-0, +0},
{iry iry |irs] +ULP(ir;) } nM = @

(fItInErr, fItCC1sc, fItCC2sc, ) ‘

Normalized or zero input values which cause intermediate result

(-Inf, Inf)

{Inf, —Inf, NaN}

Table 3-54. GFLIB_ControllerPIr_FLT Worst-Case Error Bounds - fltinErrK1 Output

Subset of input domain

Worst-case error
bounds for fltinErrK1
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltiInErrK1
output

Entire input domain

fltinErr

3.15 Function GFLIB_ControllerPIrAW_FLT
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3.15.1 Declaration

tFloat GFLIB ControllerPIrAW FLT(tFloat fltInErr, GFLIB CONTROLLER PIAW R T FLT *const

pParam) ;

3.15.2 Arguments
Table 3-55. GFLIB_ControllerPIrAW_FLT

arguments
Type Name Direction Description
tFloat fitInErr input Input error signal to the controller in single precision floating
point data format.
GFLIB_CONTROLLER |pParam input, Pointer to the controller parameters structure.
_PIAW_R_T_FLT output
*const

3.15.3 Worst-Case Error Bounds

Let (fltInErr, fltCClsc, fitCC2sc, fltAcc, fltinErrK1, fltUpperLimit, fltLowerLimit) € X be
a vector of inputs to GFLIB_ControllerPIrAW_FLT,

fltAcc input represents a real number with an error of max. +0.5 ulp,
refResult be the theoretical exact result,

iry= fltInErr- fltCC1s,

iry= fltInErrK1- fltCC2sc

rz=iry+ir,

ie;=max( fe( |irs| + ULP(ir3) ), fe(| fltAcc| +0.5- ULP( fltAcc)) ),
ie;=fe(refResult)

O, iel'iEZS 0
cb=1. . .
le -ie, leq-ie;>0

me=0.5+1.5-2?,

then
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Table 3-56. GFLIB_ControllerPIrAW_FLT Worst-Case Error Bounds - Return Value

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
Any of the inputs is denormalized, others are normalized or zero, i.e. (-]nf, ]nf) N/A
[ ( fltInErr, fItCClsc, fItCC2sc, )
fltAccflItInErrK1, eX
fltUpperLimit, fltLowerLimit
\ XNDzODNANXNM=OC /
Any of the inputs is NaN or infinity, i.e. N/A Arbitrary floating-point
f fltlnErr, fItCClSC, fltCCZSC, ) valui (including Inf, —Inf,
NaN
fltAccfltinErrK1, eX
fltUpperLimit, fltLowerLimit
\ XnM=#Q2 /
Normalized or zero input values which lead to normalized or zero (_me, me) N/A
results, i.e.
f fltInErr, fltCClsc, fItCC2sc, \
fltAccfltInErrK1, eX

fltUpperLimit, fltLowerLimit
XcNu{-0, +0},
< {iry ir, ir;} € NU {-0, +0}, b
refResult =0V
|ref Result| - me- ULP(refResult) & D A
\ ( |ref Result| + me - ULP(refResult) # Inf) i

Normalized or zero input values which cause result underflow, i.e. (-]nf' ]nf) N/A
[ [ fltInErr, fItCClsc, fItCC2sc, \
fltAccfltInErrK1, eX

( fltUpperLimit, fItLowerLimit }
XcNu{-0, +0},
|refResult| -me-ULP(refResult) € D A

\ refResult # 0 /
Normalized or zero input values which cause result overflow, i.e. (-]nf, ]nf) {Inf, —Inf, NaN}
[ [ fltInErr, fItCClsc, fItCC2sc, \

fltAccfltInErrK1, eEX

( \ fltUpperLimit, fltLowerLimit )
XcNu{-0, +0},
\ |ref Result| + me- ULP(refResult) = Inf

Normalized or zero input values which cause intermediate result (-]nf’ ]nf) {Inf, —Inf, NaN}
underflow, i.e.

Table continues on the next page...

Automotive Math and Motor Control Library Set for NXP S32K14x devices, Rev. 3

74 NXP Semiconductors



Chapter 3 Library Functions

Table 3-56. GFLIB_ControllerPIrAW_FLT Worst-Case Error Bounds - Return Value

(continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

[ ( fltInErr, fItCClsc, fItCC2sc, \
fltAccfItInErrK1, eEX
fltUpperLimit, fItLowerLimit

{irvir}nD# DV
\  (|ir3|-ULP(ir;) EDAir;#0) |

XcNu{-0 +0}, )

Normalized or zero input values which cause intermediate result

overflow, i.e.

[ [ fItInErT, fItCClsc, fItCC2sc, \
fltAccfItInErrK1, eX

XcNu{-0, +0},
\ {iryiry |irs| +ULP(ir;)} nM= O |

( \ fltUpperLimit, fltLowerLimit )

(-Inf, Inf)

{Inf, —Inf, NaN}

Table 3-57. GFLIB_ControllerPIrAW_FLT Worst-Case Error Bounds - fltAcc

Output

Subset of input domain

Worst-case error
bounds for fltAcc output

Allowed specific values
(regardless the error

[ulp] bounds) for fltAcc
output
Any of the inputs is denormalized, others are normalized or zero, i.e. (-]nf, ]nf) N/A
[ [ fItInErr, fItCClsc, fItCC2sc, )
fltAccflItInErrK1, eX
fltUpperLimit, fItLowerLimit
\ XNDzINXNM=0D /
Any of the inputs is NaN or infinity, i.e. N/A Arbitrary floating-point
( [ fltInErr, fItCClsc, fItCC2sc, ) \@% (including Inf, Inf,
fltAccfltinErrK1, eX
fltUpperLimit, fltLowerLimit
\ XNnM#Q /
Normalized or zero input values which lead to normalized or zero (_me, me) N/A

results, i.e.

Table continues on the next page...
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Table 3-57. GFLIB_ControllerPIrAW_FLT Worst-Case Error Bounds - fltAcc Output

(continued)

Subset of input domain

Worst-case error
bounds for fltAcc output

[ulp]

Allowed specific values
(regardless the error
bounds) for fltAcc

output

f fltinErr, fltCClsc, fItCC2sc, \
fltAccfltInErrK1, eX
fItUpperLimit, fItLowerLimit
XcNu{-0, +0},
< {iry ir, ir;} € NU {-0, +0}, }
refResult=0V
|ref Result| - me-ULP(refResult) & D A
\ ( |refResult| + me - ULP(refResult) ¢Inf) i

Normalized or zero input values which cause fltAcc output
underflow, i.e.

[ [ fItInErr, fItCClsc, fItCC2sc, \

fltAccfltInErrK1, eX
fltUpperLimit, fItLowerLimit

( XcNu{-0, +0},

|ref Result| - me- ULP(refResult) € D A

\ refResult # 0 /

(-Inf, Inf) N/A

Normalized or zero input values which cause fltAcc output overflow, {Inf, —Inf, NaN}

i.e.

[ [ fltInErr, fItCClsc, fItCC2sc, \

fltAccfltInErrK1, EX

( \fltUpperLimit, fltLowerLimit )
XcNu{-0, +0},

\ |ref Result| + me-ULP(refResult) = Inf |

Normalized or zero input values which cause intermediate result
underflow, i.e.

[ [ fItInErT, fItCClsc, fItCC2sc, \
fltAccflItInErrK1, eX
fltUpperLimit, fltLowerLimit
< XcNu{-0, +0}, »
{irpir;} nD+ Dv
\  (|irs]-ULP(ir3) EDAIirz#0) |

Normalized or zero input values which cause intermediate result
overflow, i.e.

(-Inf, Inf)

{Inf, —Inf, NaN}

(-Inf, Inf)

{Inf, —Inf, NaN}

(-Inf, Inf)
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Table 3-57. GFLIB_ControllerPIrAW_FLT Worst-Case Error Bounds - fltAcc

Output
Subset of input domain Worst-case error Allowed specific values
bounds for fltAcc output| (regardless the error
[ulp] bounds) for fltAcc
output

[ [ fltInErr, fItCClsc, fItCC2sc, \
fltAccflItInErrK1, eEX
( \ fltUpperLimit, fltLowerLimit )
XcNu {-0, +0},

\ {iry iry |irs| +ULP(ir3) } nM = @ |

Table 3-58. GFLIB_ControllerPIrAW_FLT Worst-Case Error Bounds - fltinErrK1 Output

Subset of input domain Worst-case error Allowed specific values
bounds for fltAcc output| (regardless the error
[ulp] bounds) for fltAcc
output
Entire input domain 0 fltinErr

3.16 Function GFLIB Cos FLT

3.16.1 Declaration

tFloat GFLIB Cos FLT(tFloat fltIn, const GFLIB _COS T FLT *const pParam) ;

3.16.2 Arguments
Table 3-59. GFLIB_Cos_FLT arguments

Type Name Direction Description
tFloat fltin input Input argument is a single precision floating point number that
contains an angle in radians between [- m, ).
const pParam input Pointer to an array of approximation coefficients.
GFLIB_COS_T_FLT
*const
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3.16.3 Worst-Case Error Bounds

Only the default approximation coefficients are considered.

Let fltIn € X be an input to GFLIB_Cos_FLT,
then

Table 3-60. GFLIB_Cos_ FLT Worst-Case Error Bounds - Return Value

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
Input NaN or infinity, i.e. N/A Arbitrary floating-point
value (including Inf, —Inf,

{fltlne X | fitine M} Nl

Input denormalized, normalized or zero, and within the allowed input (_334,334) N/A

interval, i.e.

{fltlnEX | xnM=0 }

-n< fltlnsm
Input normalized and beyond the allowed range, i.e. (-]nf’ ]nf) {NaN, -Inf, Inf}
{fltInEX | xnMm=g, ]
fltin< -wV fltin>m
3.17 Function GFLIB_Hyst_FLT
3.17.1 Declaration
tFloat GFLIB Hyst FLT(tFloat fltIn, GFLIB HYST T FLT *const pParam) ;
3.17.2 Arguments
Table 3-61. GFLIB_Hyst_FLT arguments
Type Name Direction Description
tFloat fltin input Input value, in single precision floating point data format.
GFLIB_HYST_T_FLT |pParam input, Pointer to the structure with parameters and states of the
*const output hysteresis function. Arguments of the structure contain a
single precision floating point values.
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3.17.3 Worst-Case Error Bounds

Let (fltIn, fltHystOn, fltHystOff, fltOutValOn, fltOutValOff) € X be a vector of inputs to
GFLIB_Hyst_FLT,

then
Table 3-62. GFLIB_Hyst_FLT Worst-Case Error Bounds - Return Value
Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
All inputs are normalized, denormalized, or zero, and fltHystOn is 0 N/A

greater than fltHystOff, i.e.
(fltln, fItHystOn, fItHystOf f, ) ‘

fItOutValOn, fltOutValOf f
XNM=DJA
fItHystOf f < fItHystOn

At least one of the inputs is NaN or infinite, or fltHystOn is not greater | N/A Arbitrary floating-point
than fitHystOff, i.e. value (including Inf, —Inf,

fltIn, fltHystOn, fItHystOf f, NaN)
[ fItOutValOn, fltOutValOf f ) ‘
XNM# v
fItHystOf f = fItH ystOn

3.18 Function GFLIB_IntegratorTR_FLT

3.18.1 Declaration

tFloat GFLIB IntegratorTR_FLT(tFloat fltIn, GFLIB_INTEGRATOR_TR T FLT *const pParam) ;

3.18.2 Arguments
Table 3-63. GFLIB_IntegratorTR_FLT arguments

Type Name Direction Description
tFloat fltin input Input argument to be integrated.
GFLIB_INTEGRATOR_ |pParam input, Pointer to the integrator parameters structure.
TR_T_FLT *const output
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3.18.3 Worst-Case Error Bounds

Let (fltIn, fitState, fltInK 1, fltC1) € X be a vector of inputs to GFLIB_IntegratorTR_FLT,

fltState input represents a real number with an error of max. +0.5 ulp,

refResult be the theoretical exact result,
ir = fltin+ fltInK1,

ie;=max(fe(|ir,| + ULP(ir,) ), fe(| fltState| +0.5- ULP( fitState) ) )

ie,=fe(refResult)

0, ie;-ie, <0
ch=4. . o -ie.>0
16‘1-162, 1e1'162> N

me=0.5+1.5-27,

then

Table 3-64. GFLIB_IntegratorTR_FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

Any of the inputs is denormalized, others are normalized or zero, i.e.

{( fltIn, fltState, fltInK1, fItC1) € X I}
XNDxIDANXNM=O

(-Inf, Inf)

N/A

Any of the inputs is NaN or infinity, i.e.

{( fltIn, fleState, fltIinK1, fitC1) € X |}
XNM=z QD

N/A

Arbitrary floating-point
value (including Inf, —Inf,
NaN)

Normalized or zero input values which lead to normalized or zero
results, i.e.

[ (fltIn, fltState, fltInK1, fitC1) €X | )
XcNu{-0 +0},
< {iry, ir,} cNU {-0, +0}, b

refResult=0V
|

|ref Result| + me- ULP(refResult) # Inf) /

(-me, me)

N/A

|ref Result| -me- ULP(refResult) € D A
Normalized or zero input values which cause result underflow, i.e.

Table continues on the next page...
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Table 3-64. GFLIB_IntegratorTR_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain

Worst-case return value

error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

( fltIn, fltState, fltInK1, fltC1) € X |
XcNu{-0, +0},
|refResult| -me-ULP(refResult) €D A
refResult # 0

(-Inf, Inf)

Normalized or zero input values which cause result overflow, i.e.

( fltIn, fltState, fltInK1, fltC1) € X |
XcNu{-0, +0},
|ref Result| + me-ULP(refResult) =Inf

(-Inf, Inf)

{Inf, —Inf, NaN}

Normalized or zero input values which cause intermediate result
underflow, i.e.

[ ( fltIn, fltState, fItInK1, fltC1) € X |
XcNu{-0, +0},
{ {(Iirll-O-S'ULP(irl)),}
. : ND+ DV
(liry| -ULP(ir,))
\ iry#0Vir,#0 /

(-Inf, Inf)

{Inf, —Inf, NaN}

Normalized or zero input values which cause intermediate result
overflow, i.e.

( fltIn, fltState, fltInK1, fitC1) € X |
XCcNuU{-0, +0},
(|iry] + 0.5+ ULP(iry)),
{ (|iry| +ULP(ir;) )

}nM¢®

(-Inf, Inf)

{Inf, —Inf, NaN}

Table 3-65. GFLIB_IntegratorTR_FLT Worst-Case Error Bounds - fltState Output

Subset of input domain

Worst-case error
bounds for fltState

Allowed specific values
(regardless the error

{( fltIn, fltState, fltInK1, fItC1) € X |}
XNM=z QD

output [ulp] bounds) for fltState
output
Any of the inputs is denormalized, others are normalized or zero, i.e. (-]nf’ ]nf) N/A
{( fltIn, fleState, fltInK1, fitC1) € X |}
XNDzINXNM=0D
Any of the inputs is NaN or infinity, i.e. N/A Arbitrary floating-point

value (including Inf, —Inf,
NaN)

Table continues on the next page...
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Table 3-65. GFLIB_IntegratorTR_FLT Worst-Case Error Bounds - fltState Output

(continued)

Subset of input domain

Worst-case error
bounds for fltState
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltState
output

Normalized or zero input values which lead to normalized or zero
results, i.e.

[ (fltn, fltState, fltInK1, fltC1)eX | )
XcNu {-0, +0},
< {ir, ir,} € NU {-0, +0}, b
refResult=0V
|ref Result| - me-ULP(refResult) & D A
\ ( |ref Result| + me - ULP(ref Result) ¢Inf) /

(-me, me)

N/A

Normalized or zero input values which cause fltState output
underflow, i.e.

( fltIn, fltState, fltInK1, fltC1) € X |
XcNu{-0, +0},
|refResult| -me-ULP(refResult) € D A
refResult # 0

(-Inf, Inf)

N/A

Normalized or zero input values which cause fltState output overflow,
ie.

( fltIn, fltState, fltInK1, fItC1) € X |
XcNu{-0, +0},
|refResult| + me- ULP(refResult) = Inf

(-Inf, Inf)

{Inf, —Inf, NaN}

Normalized or zero input values which cause intermediate result
underflow, i.e.

[ ( fleln, fleState, fItinK1, fltC1) € X |
XcNu({-0, +0},
{ {(Iirll-O-S'ULP(irl)),
(liry] -ULP(iry))
\ iryz#0Vir,#0 /

}ﬂDi@V

(-Inf, Inf)

{Inf, —Inf, NaN}

Normalized or zero input values which cause intermediate result
overflow, i.e.

( fltIn, fltState, fltInK1, fltC1) € X |
XcNu{-0, +0},
(|iry] + 0.5+ ULP(ir,)),
{ (liry] +ULP(ir;))

}nM¢®

(-Inf, Inf)

{Inf, —Inf, NaN}
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Table 3-66. GFLIB_IntegratorTR_FLT Worst-Case Error Bounds - fltinK1 Output

Subset of input domain Worst-case error Allowed specific values
bounds for fltinK1 (regardless the error
output [ulp] bounds) for fltinK1
output
Entire input domain 0 fltin

3.19 Function GFLIB _Limit FLT

3.19.1 Declaration

tFloat GFLIB Limit FLT(tFloat fltIn, const GFLIB LIMIT T FLT *const pParam) ;

3.19.2 Arguments
Table 3-67. GFLIB_Limit_FLT arguments

Type Name Direction Description
tFloat fltin input Input value.
const pParam input Pointer to the limits structure.
GFLIB_LIMIT_T_FLT
*const

3.19.3 Worst-Case Error Bounds

Let (fltIn, fltLowerLimit, fltUpperLimit) € X be a vector of inputs to GFLIB_Limit_FLT,
then

Table 3-68. GFLIB Limit FLT Worst-Case Error Bounds - Return Value

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)

All inputs are normalized, denormalized, or zero, and fltUpperLimit is |0 N/A
greater than fltLowerLimit, i.e.

Table continues on the next page...
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Table 3-68. GFLIB_Limit_FLT Worst-Case Error Bounds - Return Value
(continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)

( fltin, fltLowerLimit, fltUpperLimit) € X |

XNM=DA
fltLowerLimit < fltUpperLimit
At least one of the inputs is NaN or infinite, or fltUpperLimit is not N/A Arbitrary floating-point
greater than fltLowerLimit, i.e. value (including Inf, —Inf,
( fItIn, fltLowerLimit, fltUpperLimit) € X | NaN)
XNM# v

fltLowerLimit 2 fItUpperLimit

3.20 Function GFLIB LowerLimit FLT

3.20.1 Declaration

tFloat GFLIB_LowerLimit_ FLT(tFloat fltIn, const GFLIB_LOWERLIMIT_T FLT *const pParam) ;

3.20.2 Arguments
Table 3-69. GFLIB_LowerLimit_FLT

arguments
Type Name Direction Description
tFloat fltin input Input value.
const pParam input Pointer to the limits structure.
GFLIB_LOWERLIMIT_
T_FLT *const

3.20.3 Worst-Case Error Bounds
Let (fltIn, fltLowerLimit) € X be a vector of inputs to GFLIB_LowerLimit_FLT,
then
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Table 3-70. GFLIB_LowerLimit_FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

XnM

{ ( fltIn, fleLowerLimit) € X I}

t J

All inputs are normalized, denormalized, or zero, i.e. 0 N/A
{ ( fltIn, fltLowerLimit) € X |}
XNM=0
At least one of the inputs is NaN or infinite, i.e. N/A Arbitrary floating-point

value (including Inf, —Inf,
NaN)

3.21 Function GFLIB_Lut1D_FLT

3.21.1 Declaration

tFloat GFLIB LutlD FLT(tFloat fltIn,

3.21.2 Arguments

Table 3-71. GFLIB_Lut1D_FLT arguments

const GFLIB LUT1D T FLT *const pParam) ;

Type

Name

Direction

Description

tFloat

fltin

input

The abscissa for which 1D interpolation is performed.

const
GFLIB_LUT1D_T_FLT
*const

pParam

input

Pointer to the parameters structure with parameters of the

look-up table function.

3.21.3 Worst-Case Error Bounds

Let (fltIn, u32ShamOffset, fltTable) € X be a vector of inputs to GFLIB_Lut1D_FLT,

refResult be the theoretical exact result,

fltin- Qu32ShamOf fset g ( Fltn- 2u32$ham0ffset)
k = )

fltIn=0

= f[t]n ) 2u325'ham0ffset_ fix(fltln . 2u325ham0ffset) +1, fItIn <0 ,

mr,=k- (fltTableml-fltTablen) ,
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ie= mglx(max(fe[ |mry| +2.5-ULP(mr,) ), fe( fltTable ) ) -fe( mr,+ fitTable ) )

{O, ie<0
cb=1. .
ie, ie>0

me=0.5+2.5-27,

then

Table 3-72. GFLIB_Lut1D_FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

{ ( fltIn, u32ShamOf fset, fl¢Table) € X I}
XNDxIDANXNM=0OD

Any of the inputs is denormalized, others are normalized or zero, i.e.

(-Inf, Inf)

N/A

Any of the inputs is NaN or infinity, or the input is beyond allowed
range, i.e.

{ ( fltIn, u32ShamOf fset, fl¢Table) € X I}
XNM=#QV|fltin| 21

N/A

Arbitrary floating-point
value (including Inf, —Inf,
NaN)

Normalized or zero input values which lead to normalized or zero
results, input within allowed range, i.e.

| (fltin, u32ShamOf fset, fltTable) €X | )
XcNu{-0, +0},
fltTablec NU {-0, +0}
| fltin| <1,
< m;;:lX( |mr,|) +2.5-ULP(mrgI;1X(mrn)) # Inf,

\/mr,=0V |mr,|-2.5-ULP(mr,) &D,
refResult =0V
|ref Result| - me,- ULP(refResult) € D A
( |refResult| + me,- ULP(refResult) #Inf ||

(-me, me)

N/A

[ ( fltIn, u32ShamOf fset, fl¢Table) € X |
XcNu{-0, +0},

|ref Result| - me-ULP(refResult) €D A

\ refResult # 0

Normalized or zero input values which cause result underflow, i.e.

(-Inf, Inf)

N/A

Normalized or zero input values which cause intermediate result
underflow, i.e.

(-Inf, Inf)

{Inf, —Inf, NaN}
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Table 3-72. GFLIB_LutiD_FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)

( fltIn, u32ShamOf fset, fl¢Table) € X |
XcNuU{-0, +0},
3 |mry|-2.5-ULP(mr,) EDAmr,#0

3.22 Function GFLIB_Lut2D_FLT

3.22.1 Declaration

tFloat GFLIB Lut2D FLT(tFloat fltInl,

3.22.2 Arguments
Table 3-73. GFLIB_Lut2D_FLT arguments

tFloat fltIn2, const GFLIB LUT2D T FLT *const pParam);

Type Name Direction Description

tFloat fltin1 input First input variable for which 2D interpolation is performed.
Input value is in single precision floating data format.

tFloat fltin2 input Second input variable for which 2D interpolation is performed.
Input value is in single precision floating data format.

const pParam input Pointer to the parameters structure with parameters of the two

GFLIB_LUT2D_T_FLT dimensional look-up table function.

*const

3.22.3 Worst-Case Error Bounds

Let (flitinl, fitIn2, u32ShamOffsetl, u32ShamOffset2, fltTable) € X be a vector of inputs
to GFLIB_Lut2D_FLT,

refResult be the theoretical exact result,

kx

fltlnl . 2u325ham0ffset1 - fix ( fItInl . 2u32$ham0ffset1 ) , fItInl >0
| fledn1- 235O fige(( flemm1- 29500 11, flein1<0
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fltIn2 - 2"3%mamOrfse2 _giv ( fleIn2- 23%MmOrfse) = fltn2> 0
& fltin2 - 255MmOI 2 i ( fleinz- 20BmOI ) w1, flein2<0 |

yr= 2u32§ham0ffset2 +1

b

211n=fltTabIen,
221n=fltTablemyr’
212n=fItTablem1,
z22,=fItT ablemhyr’
mra,=kx- (z21,-z11,) ,

sra= mglx(max(fe( |mra,| +2.5-ULP(mra,) ), fe(z11,) ) -fe(mra,+z11 ) )’

0, sras<0
cby =
sra, sra>0

me;=0.5+2.5- 2"
mrb, =kx- (222,-z12,)
srb= mgxx[max(fe( |mrb,| +2.5-ULP(mrb,) ), fe(z12,) ) -fe( mrb,+2z12 ) )

b-{ 0, srb<O
B2 = srb, srb>0

me,=0.5+2.5- 2%,

mrc,=ky- ((mrb,+z12,) - (mra,+z11 ) )

mec = (2- (mey+me,+0.5) +0.5) - ULP(mrc,)

src =max( max(fe(|mrc,| +mec), fe(mra,+211,) ) -fe(mrc,+ (mra,+211,) ) ),

0, src<0
cbs=
src, src>0

mes=0.5+ (2- (me;+me,+0.5)+0.5) - 2%

then
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Table 3-74. GFLIB_Lut2D FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

Any of the inputs is denormalized, others are normalized or zero, i.e.

fltInl, fitIn2, u32ShamOf fset],
u32ShamOf fset?2, fltTable
XND+rINXNM=OD

(-Inf, Inf)

N/A

Any of the inputs is NaN or infinity, or an input is beyond allowed

range, i.e.

[fltlnl, fltIn2, u32ShamOf fset], ] ¥ ‘
€

XNM=#QV|fltin| 21V | fltin| 21

N/A

Arbitrary floating-point
value (including Inf, —Inf,
NaN)

u32ShamOf fset?2, fltTable
Normalized or zero input values which lead to normalized or zero
results, inputs within allowed range, i.e.
fltin], fltIin2, u32ShamOf fset1,
u32ShamOf fset2, fitTable | €%
XcNu{-0, +0},
fltTablec NU {-0, +0}
| fltinl| <1,

| fltIn2| < 1,
m;;;lx( |mra,| ) +2.5-ULP(m}§x(mran) ) # Inf,

\/mra,=0V |mra,| -2.5- ULP(mra,) & D,
mrgx( |sra,| ) +2.5-ULP(m§X(sran) ) # Inf,

\/sra,=0V |sra,|-2.5- ULP(sra,) €D,
mglx( |mrb,| ) +2.5-ULP(mr§x(mrbn) ) # Inf,

\/ mrb,=0V |mrb,|-2.5-ULP(mrb,) &D,
mf;;\x( |srb,| ) +2.5-ULP(m§x(srbn) ) # Inf,

\/ srb,=0V |srb,|-2.5-ULP(srb,) €D,
mélX( |mrc,|) +2.5-ULP(mr?X(mrcn) ) #Inf,

\ mrc,=0V |mrc,| - 2.5- ULP(mrc,) & D,
refResult =0V

|refResult| - mes- ULP(refResult) € D A

|ref Result| + me;- ULP(refResult) # Inf

(-mes, mes)

N/A

Normalized or zero input values which cause result underflow, i.e.

(-Inf, Inf)

Table continues on the next page...

N/A
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Table 3-74. GFLIB_Lut2D_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)

[ ( fltIn]l, fltIn2, u32ShamOf fset1, \
( u32ShamoOf fset2, fitTable ] ‘
{ XcNu{-0, +0},

|ref Result| - me;- ULP(refResult) € D A

\ refResult # 0 )

Normalized or zero input values which cause intermediate result (-]nf’ ]nf) {Inf, —Inf, NaN}
underflow, i.e.

f (fltlnl, fItIn2, u32ShamOf fset], ) ‘ 1
u32ShamOf fset?2, fltTable
XcNu{-0, +0},
3 |mray|-2.5-ULP(mra,) € DA mra,#0V
< 3 |sra,|-2.5-ULP(sra,) €D Asra,#0V
3 |mrb,|-2.5-ULP(mrb,) ED Amrb,#0V
3 |srby|-2.5-ULP(srb,) EDAsrb,#0V
\3 |mrc,| -2.5- ULP(mrc,) €EDAmrc,#0V

3.23 Function GFLIB_Ramp_FLT

3.23.1 Declaration

tFloat GFLIB_Ramp_ FLT(tFloat fltIn, GFLIB_RAMP_T FLT *const pParam) ;

3.23.2 Arguments
Table 3-75. GFLIB_Ramp_FLT arguments

Type Name Direction Description
tFloat fltin input Input argument representing the desired output value. Input
value is in single precision floating data format.
GFLIB_RAMP_T_FLT |pParam input, Pointer to the ramp parameters structure. Arguments of the
*const output structure contain single precision floating point values.
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3.23.3 Worst-Case Error Bounds

Let (fltIn, fitState, fltRampUp, fltRampDown) € X be a vector of inputs to

GFLIB_Ramp_FLT,

fltState input represents a real number with an error of max. +0.5 ulp,

refResult be the theoretical exact result,

ie; =fe( | fltState| +0.5- ULP( fltState) )
ie,=fe(refResult)

0,

cb=1. . oo 0
181-162, 16’1-162> ,

me=0.5+0.5-27

then

Table 3-76. GFLIB_Ramp_FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

Any of the inputs is denormalized, others are normalized or zero, i.e.

flItIn, fltState,
fItRampUp, fltRampDown

XND+DNXNM=0OD

(-Inf, Inf)

N/A

Any of the inputs is NaN or infinity, i.e.

fItIn, fItState,
fItRampUp, fltRampDown €x
XNM#Q

N/A

Arbitrary floating-point
value (including Inf, —Inf,
NaN)

Normalized or zero input values which lead to normalized or zero
results, i.e.

[ fltin, fltState, \
[ fItRampUp, f ItRampDown) ex |
XcNu({-0, +0},
( refResult=0V b
|ref Result| - me-ULP(refResult) & D A
\ ( |ref Result| + me - ULP(ref Result) ¢Inf) /

(-me, me)

N/A

Normalized or zero input values which cause result underflow, i.e.

(-Inf, Inf)

N/A
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Table 3-76. GFLIB_Ramp_FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

( fltin, fltState, \
fItRampUp, f ItRampDown] €x |

{ XcNu {-0, +0}, ]
|ref Result| - me- ULP(refResult) € D A

\ refResult # 0 }

Table 3-77. GFLIB_Ramp_FLT Worst-Case Error Bounds - fltState Output

Subset of input domain

Worst-case error
bounds for fltState
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltState
output

Any of the inputs is denormalized, others are normalized or zero, i.e.

fItIn, fItState,
[tRampUp, fIltRampDown
f pUp p

XND+xDANXNM=0Q

(-Inf, Inf)

N/A

Any of the inputs is NaN or infinity, i.e.

fltIn, fItState,
fItRampUp, fItRampDown €x
XNnM=#Q2

N/A

Arbitrary floating-point
value (including Inf, —Inf,
NaN)

Normalized or zero input values which lead to normalized or zero
results, i.e.

[ fltIn, fltState, \
( fItRampUp, f ItRampDown) €x |
XcNu {-0, +0},
< refResult=0V b
|ref Result| - me- ULP(refResult) € D A
\ ( |ref Result| + me - ULP(ref Result) ¢1nf) /

(-me, me)

N/A

Normalized or zero input values which cause result underflow, i.e.

f fltIn, fitState, \
( fItRampUp, f ItRampDown] €x

{ XcNu{-0, +0}, ]

|refResult| -me-ULP(refResult) € D A

\ refResult # 0 }

(-Inf, Inf)

N/A
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Table 3-78. GFLIB_Ramp_FLT Worst-Case Error Bounds - fltinK1 Output

Subset of input domain

Worst-case error
bounds for fltinK1
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltinK1
output

Entire input domain

fltin

3.24 Function GFLIB_Sign_FLT

3.24.1 Declaration

tFloat GFLIB Sign FLT (tFloat fltIn);

3.24.2 Arguments

Table 3-79. GFLIB_Sign_FLT
arguments

Type

Name

Direction

Description

tFloat

fltln

input

Input argument.

3.24.3 Worst-Case Error Bounds
Let fltIn € X be an input to GFLIB_Sign_FLT,

then
Table 3-80. GFLIB_Sign_FLT Worst-Case Error Bounds - Return Value
Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
Input NaN, i.e. N/A {NaN, pmax, nmax, 0, -0}
{fltIne X | fltIn=NaN}
Normalized, denormalized, infinite, or zero input, i.e. 0 N/A

{fltine X | fltin# NaN}
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3.25 Function GFLIB_Sin FLT

3.25.1 Declaration

tFloat GFLIB_Sin FLT(tFloat fltIn,

3.25.2 Arguments

const GFLIB SIN T FLT *const pParam) ;

Table 3-81. GFLIB_Sin_FLT arguments

Type Name Direction Description
tFloat fltin input Input argument is a single precision floating point number that
contains an angle in radians between [- m, ).
const pParam input Pointer to an array of approximation coefficients.
GFLIB_SIN_T_FLT
*const

3.25.3 Worst-Case Error Bounds

Only the default approximation coefficients are considered.

Let (fltIn) € X be an input to GFLIB_Sin_FLT,
nigp be the single-precision representation of m,

then

Table 3-82. GFLIB_Sin_FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

i.e.

{fltlneX | fiting M, | fltIn| < wep}

Input infinite, i.e. (-]nf, ]nf) {Inf, -Inf, NaN}
{fltine X | fitine {Inf, -Inf}}

Input NaN, i.e. (-]nf, ]nf) {NaN, pmax}
{fltine X | fltin=NaN}

Normalized, denormalized, or zero input within guaranteed range, (-334} 334) N/A

Table continues on the next page...
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Table 3-82. GFLIB_Sin_FLT Worst-Case Error Bounds - Return Value

(continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

{fltine X | flting M, | fitIn| > msp}

Normalized input beyond the guaranteed range, i.e.

(-Inf, Inf)

N/A

3.26 Function GFLIB _SinCos FLT

3.26.1 Declaration

void GFLIB SinCos FLT (tFloat f1ltIn, SWLIBS 2Syst FLT *pOut, const GFLIB SINCOS T FLT *const

pParam) ;

3.26.2 Arguments

Table 3-83. GFLIB_SinCos_FLT

arguments
Type Name Direction Description
tFloat fltin input Input argument is a single precision floating point number that

contains an angle in radians between [- m, m].

SWLIBS_2Syst_FLT * |pOut output Pointer to the structure where the values of the sine and
cosine of the input angle are stored. The function returns the
sine and cosine of the input argument as a single precision
floating point number. The sine of input angle is returned in
first item of the structure and the cosine of input angle is
returned in second item of the structure.

const pParam input Pointer to an array of approximation coefficients.

GFLIB_SINCOS_T_FL

T *const

3.26.3 Worst-Case Error Bounds

Only the default approximation coefficients are considered.

Let (fltIn) € X be an input to GFLIB_SinCos_FLT,

nigp be the single-precision representation of T,
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then

Table 3-84. GFLIB_SinCos_FLT Worst-Case Error Bounds - fltArg1 Output

Subset of input domain

Worst-case error
bounds for fltArg1

Allowed specific values
(regardless the error

{flitine X | flting M, | fltIn| > mgp)

output [ulp] bounds) for fltArg1
output
Input infinite, i.e. (-]nf’ ]nf) {Inf, -Inf, NaN}
{fltineX | fltin€ {Inf, -Inf}}
Input NaN, i.e. (-]nf’ ]nf) {NaN, pmax}
{flitIneX | fltin=NaN}
Normalized, denormalized, or zero input within guaranteed range, (-334} 334) N/A
i.e.
{flitlne X | flting M, | fltIn| < mgp)
Normalized input beyond the guaranteed range, i.e. (-]nf, ]nf) N/A

Table 3-85. GFLIB_SinCos_FLT Worst-Case Error Bounds - fltArg2 Output

Subset of input domain

Worst-case error
bounds for fltArg2

Allowed specific values
(regardless the error

{flt]nEXIXﬂM:@,}
fltin< -mV fltin>m

output [ulp] bounds) for fltArg2
output
Input NaN or infinity, i.e. N/A Arbitrary floa.ting-point
{flt]n €X | fItInE M} Kja;w; (including Inf, —Inf,
Input denormalized, normalized or zero, and within the allowed input (_334,334) N/A
interval, i.e.
{fltInEX | xnMm=g, }
-m< fltinsw
Input normalized and beyond the allowed range, i.e. (-]nf, [nf) {NaN, -Inf, Inf}

3.27 Function GFLIB_Sqrt_FLT

3.27.1 Declaration

tFloat GFLIB Sqgrt FLT (tFloat fltIn);
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3.27.2 Arguments
Table 3-86. GFLIB_Sqrt_FLT arguments

Type Name Direction Description

tFloat fltin input The input value.

3.27.3 Worst-Case Error Bounds
Let fltIn € X be an input to GFLIB_Sqrt_FLT,

then
Table 3-87. GFLIB_Sqrt_FLT Worst-Case Error Bounds - Return Value
Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
Input positive infinity, i.e. (-]nf, Il”lf) {NaN, Inf, -Inf, pmax, 0}
{fltine X | fltin=Inf}
Input NaN, i.e. (-]nf, ]nf) {0, -0, NaN}
{fltIne X | fltIn=NaN}
Negative input, i.e. N/A {-0, NaN}
{fltine X | fltin<0}
Positive denormalized input, i.e. (-]nf, ]nf) N/A
{fltine X | fltIne D A fltin>0)
Positive normalized input, i.e. (_()_5’ 0.5> N/A
{fltine X | fItIne N A fltIin>0}
Positive zero input, i.e. N/A 0
{fltine X | fltin=0}
Negative zero input, i.e. N/A -0
{fltlne X | fltin= -0}

3.28 Function GFLIB Tan FLT
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3.28.1 Declaration

tFloat GFLIB Tan FLT(tFloat fltIn, const GFLIB TAN T FLT *const pParam) ;

3.28.2 Arguments

Table 3-88. GFLIB_Tan_FLT arguments

Type Name Direction Description
tFloat fltin input Input argument is a single precision floating point number that
contains an angle in radians between (- 1, m).
const pParam input Pointer to an array of approximation coefficients.
GFLIB_TAN_T_FLT
*const

3.28.3 Worst-Case Error Bounds

Only the default approximation coefficients are considered.

Let fltin € X be an input to GFLIB_Tan_FLT,
nigp be the single-precision representation of T,

then

Table 3-89. GFLIB _Tan FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

{fltine X | flting M, | fltIn| > mgp)

Input infinite, i.e. (-]nf, [nf) {Inf, -Inf, NaN}
{fltine X | fitin€ {Inf, -Inf}}

Input NaN, i.e. (-]nf, ]nf) NaN
{fltine X | fltin=NaN}

Normalized, denormalized, or zero input within guaranteed range, ( -1 3, 13 ) N/A

i.e.

{fltlne X | fiting M, | fltIn| < mep}

Normalized input beyond the guaranteed range, i.e. (-]nf’ ]nf) N/A
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3.29 Function GFLIB_UpperLimit_FLT

3.29.1 Declaration

tFloat GFLIB UpperLimit_ FLT(tFloat fltIn, const GFLIB_UPPERLIMIT_T FLT *const pParam) ;

3.29.2 Arguments
Table 3-90. GFLIB_UpperLimit_FLT arguments

Type Name Direction Description
tFloat fltin input Input value.
const pParam input Pointer to the limits structure.
GFLIB_UPPERLIMIT_T
_FLT *const

3.29.3 Worst-Case Error Bounds

Let (fltIn, fltUpperLimit) € X be a vector of inputs to GFLIB_UpperLimit_FLT,
then

Table 3-91. GFLIB_UpperLimit_FLT Worst-Case Error Bounds - Return Value

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
All inputs are normalized, denormalized, i.e. 0 N/A
{ ( fltIn, fltUpperLimit) € X |}
XNM=0Q
At least one of the inputs is NaN or infinite, i.e. N/A Arbitrary floating-point
P value (including Inf, —Inf,
{ ( fltin, fltUpperLimit) € X |} NaN)
XNM=+QDV

3.30 Function GFLIB_ VectorLimit FLT

Automotive Math and Motor Control Library Set for NXP S32K14x devices, Rev. 3
NXP Semiconductors 99




AR
Function GFLIB_VectorLimit_FLT

3.30.1 Declaration

tBool GFLIB VectorLimit FLT(SWLIBS 2Syst FLT *const pOut, const SWLIBS 2Syst FLT *const plIn,

const GFLIB_VECTORLIMIT T FLT *const pParam) ;

3.30.2 Arguments
Table 3-92. GFLIB_VectorLimit_FLT arguments

Type Name Direction Description
const pin input Pointer to the structure of the input vector.
SWLIBS_2Syst_FLT
*const
SWLIBS_2Syst_FLT pOut output Pointer to the structure of the limited output vector.
*const
const pParam input Pointer to the parameters structure.
GFLIB_VECTORLIMIT
_T_FLT *const

3.30.3 Worst-Case Error Bounds
Let (fltArgl, fltArg2, fltLimit) € X be a vector of inputs to GFLIB_VectorLimit_FLT,

reffltArgl, reffltArg2 be the theoretical exact results for outputs fltArgl and fltArg2,
respectively,

ir,= fltArgl- fltArgl
ir,= fltArg2- fltArg2,
rz=iry+Ir,

ir4_= \llr3
)

. fltLimit
Irs= iry

2

ire= fltArgl-irs,

ir;= fltArg2-irg,

then
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Subset of input domain

Meaningful Return
Value

Any of the inputs is denormalized, others are normalized or zero, i.e.
{ (fltArgl, fltArg2, fltLimit) € X |}
XND+IANXNM=0QD

No

Any of the inputs is NaN or infinity, i.e.
{ ( fltArgl, fltArg2, fltLimit) € X |}
XnM=+QD

No

Normalized or zero input values which lead to normalized or zero results, i.e.
( fltArgl, fltArg2, fltLimit) € X |
XcNu{-0, +0},
{ ref fltArgl, ref fltArg2,

T cNuU{-0 +0}
iry iry, irs, iry, irs, irg, ir;

Yes

Normalized or zero input values which cause an output underflow, i.e.
! ( fltArgl, fltArg2, fltLimit) € X | 1
XcNu{-0, +0},

{ref fltArgl, ref fltArg2} NM # &
( [ Iref fltArgl]|-276-ULP(ref fltArgl) €D A
( ref fltArgl+0 ) v
|ref fltArg2|-276-ULP(ref fltArg2) € D A
\ ( ref fltArg2+0 )

No

Normalized or zero input values which cause an output overflow, i.e.
( fltArgl, fltArg2, fltLimit) € X |
XcNu{-0, +0},
(|ref fltArgl| +276-ULP(ref fitArgl) EM A ) v
(|ref fltArg2| +276-ULP(ref fltArg2) EM A ')

No

Table continues on the next page...

Normalized or zero input values which cause intermediate results underflow, i.e.

No
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Table 3-93. GFLIB_VectorLimit_FLT Return Value
(continued)

Subset of input domain Meaningful Return
Value

’( fItInErr, fltPropGain, fltintegGain, ) ‘!
fltintegPartK _1, fltIinK _1
XcNu{-0, +0},
(|irq|-0.5-ULP(ir;) EDAiry#0) Vv
(|iry]-0.5-ULP(ir,) EDAIry20) v
(|irs] -ULP(ir;) EDAir;#0) v
(|iry]-276-ULP(ir,) EDAir,#0) v
(|irs|-276-ULP(irs) EDAirg#0) VvV
(|irg| -276-ULP(irg) EDAirg#0) VvV
(|irs|-276-ULP(ir;) €D Air,#0),
{iry iry irs iry irs irg ir, Y "M% @ |

Normalized or zero input values which cause intermediate results overflow, i.e. No

’(fltInErr, fItPropGain, fItintegGain, ) ¥ \
fltIintegPartK _1, fltIinK _1
XcNu{-0, +0},
(|irq| +0.5-ULP(ir;) EM) V
(|iry| +0.5-ULP(ir,) EM) Vv
< (|irs] +ULP(ir;) EM) Vv
(|iry| +276-ULP(ir,) EM) V
(|irs| +276-ULP(irs) EM) V
(|irg| +276-ULP(irg) EM) V
i (|ir,| +276-ULP(ir,) € M) i

Table 3-94. GFLIB_VectorLimit_FLT Worst-Case Error Bounds - fltArg1 Output

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg1 (regardless the error
output [ulp] bounds) for fltArg1
output
Any of the inputs is denormalized, others are normalized or zero, i.e. (-]nf, ]nf) N/A
{ ( fltArgl, fltArg2, fltLimit) € X |}
XND+INXNM=D

Table continues on the next page...

Automotive Math and Motor Control Library Set for NXP S32K14x devices, Rev. 3
102 NXP Semiconductors




Table 3-94. GFLIB_VectorLimit_FLT Worst-Case Error Bounds - fltArg1 Output (continued)

Chapter 3 Library Functions

Subset of input domain

Worst-case error
bounds for fltArg1
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltArg1
output

Any of the inputs is NaN or infinity, i.e.
{ ( fltArgl, fltArg2, fltLimit) € X |}
XnM=+QD

N/A

Arbitrary floating-point
value (including Inf, —Inf,
NaN)

Normalized or zero input values which lead to normalized or zero
results, i.e.

( fltArgl, fltArg2, fltLimit) € X |
XcNu{-0, +0},

{ ref fltArgl, ref fItArg2,

T cNu {-0, +0}
iry, iry, irs, iry, irs, irg, iry

(-276,276)

N/A

Normalized or zero input values which cause an output underflow,
ie.

f ( fltArgl, fltArg2, fltLimit) € X | 1
XcNu{-0, +0},
{ref fltArg], ref fItArg2} N M = &
|ref fltArgl|-276-ULP(ref fltArgl) EDA
( ref fltArgl+#0 ] v
)

(-Inf, Inf)

N/A

|ref fltArg2|-276-ULP(ref fltArg2) €D A
( ref fltArg2+0
Normalized or zero input values which cause an output overflow, i.e.
' (fltArgl, fltArg2, fltLimit) €X | 1
XcNuU{-0, +0},
(|ref fltArgl| +276-ULP(ref fltArgl) eM A ) v

\ (|ref fltArg2|+276-ULP(ref fltArg2) eM A ) |

(-Inf, Inf)

{Inf, —Inf, NaN}

Normalized or zero input values which cause intermediate results
underflow, i.e.

(-Inf, Inf)

Table continues on the next page...
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Table 3-94. GFLIB_VectorLimit_FLT Worst-Case Error Bounds - fltArg1 Output (continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg1 (regardless the error
output [ulp] bounds) for fltArg1
output

f( fItInErr, fltPropGain, fltintegGain, ) ‘!
fltintegPartK _1, fltinK _1
XcNu{-0, +0},
(|ir{|-0.5-ULP(ir;) EDAIir;#0) Vv
(|iry|-0.5-ULP(ir,) EDAIry#0) v
(|irs] -ULP(ir3) EDAir;#0) v
(|iry| -276-ULP(ir,) EDAir,#0) V
(|irg|-276-ULP(irs) EDAirs#0) vV
(|irg| -276-ULP(irg) EDAirg#0) vV
(|irs| - 276+ ULP(ir;) €D Air;#0),
{iry iry iry iry irg irg ir, Y "M+ & |

Normalized or zero input values which cause intermediate results (-]nf’ ]nf) {Inf, —Inf, NaN}
overflow, i.e.

’( fItInErr, fltPropGain, fltintegGain, ) ‘!
fltintegPartK _1, fltInK _1
XcNu{-0, +0},
(|iry| +0.5-ULP(ir;) EM) V
(|iry| +0.5-ULP(ir,) EM) V
< (|irs] +ULP(ir;) EM) v
(|iry| +276-ULP(ir,) EM) Vv
(|irg| +276-ULP(irs) EM) Vv
(|irg| +276-ULP(irg) EM) V
i (|ir,| +276-ULP(ir,) €M) |

Table 3-95. GFLIB_VectorLimit_FLT Worst-Case Error Bounds - fltArg2 Output

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg2 (regardless the error
output [ulp] bounds) for fltArg2
output
Any of the inputs is denormalized, others are normalized or zero, i.e. (-]nf’ ]nf) N/A
{ (fltArgl, fltArg2, fltLimit) € X |}
XND+DANXNM=D

Table continues on the next page...
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Table 3-95. GFLIB_VectorLimit_FLT Worst-Case Error Bounds - fltArg2 Output (continued)

Subset of input domain

Worst-case error
bounds for fltArg2
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltArg2
output

Any of the inputs is NaN or infinity, i.e.
{ ( fltArgl, fltArg2, fltLimit) € X |}
XnM=+QD

N/A

Arbitrary floating-point
value (including Inf, —Inf,
NaN)

Normalized or zero input values which lead to normalized or zero
results, i.e.

( fltArgl, fltArg2, fltLimit) € X |
XcNu{-0, +0},

{ ref fltArgl, ref fItArg2,

T cNu {-0, +0}
iry, iry, irs, iry, irs, irg, iry

(-276,276)

N/A

Normalized or zero input values which cause an output underflow,
ie.

f ( fltArgl, fltArg2, fltLimit) € X | 1
XcNu{-0, +0},
{ref fltArg], ref fItArg2} N M = &
|ref fltArgl|-276-ULP(ref fltArgl) EDA
( ref fltArgl+#0 ] v
|ref fltArg2|-276-ULP(ref fltArg2) €D A
( ref fltArg2+0 ] J

(-Inf, Inf)

N/A

Normalized or zero input values which cause an output overflow, i.e.
' (fltArgl, fltArg2, fltLimit) €X | 1
XcNu{-0, +0},

(|ref fltArgl| +276-ULP(ref fltArgl) eM A ) v

\ (|ref fltArg2|+276-ULP(ref fltArg2) eM A ) |

(-Inf, Inf)

{Inf, —Inf, NaN}

Normalized or zero input values which cause intermediate results
underflow, i.e.

(-Inf, Inf)

Table continues on the next page...
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Table 3-95. GFLIB_VectorLimit_FLT Worst-Case Error Bounds - fltArg2 Output (continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg2 (regardless the error
output [ulp] bounds) for fltArg2
output

( fltInErr, fltPropGain, fltintegGain, ) ‘!

fltintegPartK _1, fltinK _1
XcNu{-0, +0},
(|ir{|-0.5-ULP(ir;) EDAIir;#0) Vv
(|iry|-0.5-ULP(ir,) EDAIry#0) v
(|irs] -ULP(ir3) EDAir;#0) v

(|iry| -276-ULP(ir,) EDAir,#0) V
(|irg|-276-ULP(irs) EDAirs#0) vV
(|irg| -276-ULP(irg) EDAirg#0) vV
(|irs| - 276+ ULP(ir;) €D Air;#0),
{iry iry iry iry irg irg ir, Y "M+ & |

Normalized or zero input values which cause intermediate results (-]nf’ ]nf) {Inf, —Inf, NaN}
overflow, i.e.

’( fItInErr, fltPropGain, fltintegGain, ) ‘!
fltintegPartK _1, fltInK _1
XcNu{-0, +0},
(|iry| +0.5-ULP(ir;) EM) V
(|iry| +0.5-ULP(ir,) EM) V
< (|irs] +ULP(ir;) EM) v
(|iry| +276-ULP(ir,) EM) Vv
(|irg| +276-ULP(irs) EM) Vv
(|irg| +276-ULP(irg) EM) V
i (|ir,| +276-ULP(ir,) € M)

3.31 Function GMCLIB _Clark FLT

3.31.1 Declaration

void GMCLIB Clark FLT(SWLIBS 2Syst FLT *const pOut, const SWLIBS 3Syst FLT *const pIn);
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3.31.2 Arguments
Table 3-96. GMCLIB_Clark_FLT arguments

Type Name Direction Description
const pin input Pointer to the structure containing data of the three-phase
SWLIBS_3Syst_FLT stationary system (fltA-fltB-fltC). Arguments of the structure
*const contain single precision floating point values.
SWLIBS_2Syst_FLT pOut output Pointer to the structure containing data of the two-phase
*const stationary orthogonal system ( a- 8). Arguments of the
structure contain single precision floating point values.

3.31.3 Worst-Case Error Bounds
Let (fltArgl, fltArg2, fltArg3) € X be a vector of inputs to GMCLIB_Clark_FLT,

reffltArgl, reffltArg2 be the theoretical exact results for outputs fltArgl and fltArg2,
respectively,

ir = fltArg2- fltArg3,

then
Table 3-97. GMCLIB_Clark_FLT Worst-Case Error Bounds - fltArg1 Output
Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
Entire input domain 0 fltArg1
Table 3-98. GMCLIB_Clark_FLT Worst-Case Error Bounds - fltArg2 Output
Subset of input domain Worst-case error Allowed specific values
bounds for fltArg2 (regardless the error
output [ulp] bounds) for fltArg2
output
Both inputs infinity, i.e. N/A {Inf, -Inf, NaN, pmax,
(fltArgl, fltArg2, fltArg3) € X | nmax

fltArg2 € {Inf, -Inf},

fltArg3 € {Inf, -Inf }

fltArg2 arbitrary value, fltArg3 NaN, i.e. N/A {NaN, pmax, nmax}

{( fltArgl, fltArg2, fltArg3) €X | }
fItArg3=NaN

Table continues on the next page...
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Table 3-98. GMCLIB_Clark_FLT Worst-Case Error Bounds - fltArg2 Output (continued)

Subset of input domain

Worst-case error
bounds for fltArg2
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltArg2
output

fltArg2 infinity, fltArg3 normalized, denormalized, or zero, i.e.

( fltArgl, fltArg2, fltArg3) €X |

fltArg2 € {Inf, -Inf},
fltArg3e NUDU {-0, +0}

N/A

{sign(fltArg2)eInf,
sign(fltArg2)epmax}

fltArg2 NaN, fltArg3 arbitrary value, i.e.

{ (fltArgl, fltArg2, fltArg3) €X | }
fltArg2=NaN

N/A

{NaN, pmax, nmax}

fltArg2 normalized, denormalized, or zero, fltArg3 infinity, i.e.
( fltArgl, fltArg2, fltArg3) € X |
fltArg2e NuDuU {-0, +0},
fltArg3 € {Inf, -Inf}

N/A

{-sign(fltArg3)eInf, -
sign(fltArg3)spmax}

Both inputs denormalized, i.e.
{ ( fltArgl, fltArg2, fltArg3) € X |
XcD

(-Inf, Inf)

{-0, +0}

fltArg2 denormalized, fltArg3 zero, i.e.
( fltArgl, fltArg2, fltArg3) €X |
fltArg2 € D, fltIn2 =0

(-Inf, Inf)

{-0, +0}

fltArg2 denormalized, fltArg3 normalized, i.e.

fltArg2€ D,
fltArg3e N

(-Inf, Inf)

N/A

fltArg2 zero, fltArg3 denormalized, i.e.
{ (fltArgl, fltArg2, fltArg3) €X |
fltArg2=0, fltArg3€D

(-Inf, Inf)

{-0, +0}

Both inputs zero, i.e.
{ ( fltArgl, fltArg2, fltArg3) € X |

( fltArgl, fltArg2, fltArg3) € X | }
fltArg2=0, fItArg3=0 }

N/A

fltArg2 zero, fltArg3 normalized, i.e.
( fltArgl, fltArg2, fltArg3) €X |
fltArg2=0,
fltArg3e N

(-2.5,2.5)

N/A

fltArg2 normalized, fltArg3 denormalized, i.e.

(-Inf, Inf)

Table continues on the next page...

N/A

Automotive Math and Motor Control Library Set for NXP S32K14x devices, Rev. 3

108

NXP Semiconductors




Chapter 3 Library Functions

Table 3-98. GMCLIB_Clark_FLT Worst-Case Error Bounds - fltArg2 Output (continued)

Subset of input domain

Worst-case error
bounds for fltArg2
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltArg2
output

{ (fltArgl, fltArg2, fltArg3) €X |}
fltArg2€eN, fItArg3€e D

fltArg2 normalized, fltArg3 zero, i.e.

{ (fltArgl, fltArg2, fltArg3) €X |}
fltArg2€ N, fItArg3=0

(-2.5,2.5)

N/A

Both inputs normalized, results normalized or zero, i.e.
f (fltArgl, fltArg2, fltArg3) € X |
XCN,
{ ref fltArg2=0Vv

|ref fltArg2| -0.5- ULP(ref fltArg2) € D A
\ ( |ref fltArg2| +0.5- ULP(ref fltArg2) # Inf

)

(-2.5,2.5)

N/A

Both inputs normalized, result overflow, i.e.
( fltArgl, fltArg2, fltArg3) €X |
XCN,
|ref fltArg2| + 0.5- ULP(ref fltArg2) = Inf

(-2.5,2.5)

{sign(reffltArg2)eInf,
sign(reffltArg2)epmax}

Both inputs normalized, intermediate result overflow, i.e.
(fltArgl, fltArg2, fltArg3) €X |
XCN,
|ir| +0.5- ULP(ir) = Inf

(-2.5,2.5)

{sign(reffltArg2)eInf,
sign(reffltArg2)epmax}

Both inputs normalized, intermediate result underflow, i.e.
(fltArgl, fltArg2, fltArg3) €X |
XCN,
|ir|-0.5-ULP(ir) EDA
ir+0

(-2.5,2.5)

{-0, +0}

3.32 Function GMCLIB_Clarkinv_FLT

3.32.1 Declaration

void GMCLIB_ClarkInv_FLT (SWLIBS_3Syst_ FLT *const pOut,

const SWLIBS 2Syst FLT *const pIn);
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3.32.2 Arguments
Table 3-99. GMCLIB_Clarkinv_FLT arguments

Type Name Direction Description
const pin input Pointer to the structure containing data of the two-phase
SWLIBS_2Syst_FLT stationary orthogonal system ( a- 8). Arguments of the
*const structure contain single precision floating point values.
SWLIBS_3Syst_FLT pOut output Pointer to the structure containing data of the three-phase
*const stationary system (fltA-fltB-fltC). Arguments of the structure
contain single precision floating point values.

3.32.3 Worst-Case Error Bounds
Let (fltArgl, fltArg2) € X be a vector of inputs to GMCLIB_ClarkInv_FLT,

reffltArg2, reffltArg3 be the theoretical exact results for outputs fltArg2 and fltArg3,
respectively,

iry=0.5" fltArgl

ir,= @ -fItArgZ,

ie;=max(fe(|irq]), fe(|ir,| +1.5-ULP(ir,)) ),
refinteg=fltintegPartK _1+ir;

ix=fe(ref fltArg2)

iy=fe(ref fltArg3)

cbi=1y. .. ..
1 \ieg-ix, ieg-ix>0

0, ie;-iy<0
cb,=y. . ..

le;-1y, 1le;-iy>0
me;=0.5+1.5- 2"

me,=0.5+1.5-27,

then
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Table 3-100. GMCLIB_Clarkinv_FLT Worst-Case Error Bounds - Output fltArg1

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg1 (regardless the error
output [ulp] bounds) for fitArg1
output
Entire input domain 0 N/A

Table 3-101. GMCLIB_Clarkinv_FLT Worst-Case Error Bounds - Output fltArg2

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg2 (regardless the error
output [ulp] bounds) for fltArg2
output
Both inputs infinity, i.e. (-]nf, ]nf) {NaN, 0, -0} if .
et fedraz) ex | } g,
Xc {Inf, -Inf} sign(fltArg2)*pmax}
otherwise
fltArg1 infinity, fltArg2 NaN, i.e. (-]nf, ]nf) {NaN, 0, -0, pmax, nmax}
[ (fltArgl, fltArg2) € X |
{ fltin € {Inf, -Inf},
\ fltin,= NaN
fltArg1 infinity, fltArg2 denormalized, i.e. (-]nf, ]nf) {-.sign(fItArg1)-Inf,
f (fltArgl, fItArgZ) eX | sign(fltArg1)spmax}
{ fltin €{Inf, -Inf},
\ fltin,€D
fltArg1 infinity, fltArg2 zero, i.e. (-]nf’ ]nf) {-.sign(fItArg1)-Inf,
f (fltArgl, fltArgZ) eX | sign(fltArg1)epmax}
{ fltlnle {Inf, -Inf}, }
‘ f ItIn2 =0
fltArg1 infinity, fltArg2 normalized, i.e. (-]nf, ]nf) {-lsign(f/tArg1)°Inf,
f (fltArgl, fltArgZ) €X | sign(fltArg1)spmax}
{ fltin € {Inf, -Inf},
\ fltin,€N
fltArg1 NaN, fltArg2 infinity, i.e. (-]nf’ ]nf) {NaN, pmax, nmax}
[ (fltArgl, fltArg2) €X |
{ fltIn = NaN,
| fltin,€ {Inf, -Inf}
Both inputs NaN, i.e. {NaN, pmax, nmax}

Table continues on the next page...
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Table 3-101. GMCLIB_Clarkinv_FLT Worst-Case Error Bounds - Output fltArg2 (continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg2 (regardless the error

output [ulp] bounds) for fltArg2
output

[ (fItArgl, fltArg2) €X | (-Inf, Inf)
{ fltIn1 = NaN,
‘ flt1n2= NaN

fltArg1 NaN, fltArg2 denormalized, i.e. (-]nf, ]nf) {NaN, pmax, nmax}
[ (fltArgl, fltArg2) € X |
{ fltIn = NaN,

fltin,€ D

\

fltArg1 NaN, fltArg2 zero, i.e.

[ (fltArgl, fltArg2) €X | }

(-]nf, ]nf) {NaN, pmax, nmax}

{ fltIn = NaN,
fltin,€D

fltArg1 NaN, fltArg2 normalized, i.e.
[ (fltArgl, fltArg2) €X |
{ fltIn1 = NaN,
fItIn2 EN

fltArg1 denormalized, fltArg2 infinite, i.e. (-]nf, ]nf) {§ign(fltArg2)-Inf,
[ ( fltArgl, fltArg2) € X | } sign(fltArg2)spmax}

\

(-Inf, Inf) NaN

\

{ fltin €D,
| fltin,€ {Inf, -Inf}

fltArg1 denormalized, fltArg2 NaN, i.e. (-]nf’ ]nf) {NaN, pmax, nmax}
[ (fltArgl, fltArg2) €X | l
/

{ fltin €D,
fltin,= NaN

\

Both inputs denormalized, i.e. (_223 223> {0, -0}
[ (fltArgl, fltArg2) €X | )
{ fltIn €D,

fltin, €D f

fltArg1 zero, fltArg2 infinite, i.e. (_ In f ,In f ) {sign(fitArg2)eInf,
sign(fltArg2)epmax}

\

Table continues on the next page...
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Table 3-101. GMCLIB_Clarkinv_FLT Worst-Case Error Bounds - Output fltArg2 (continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg2 (regardless the error

output [ulp] bounds) for fltArg2
output

[ (fltArgl, fltArg2) €X |
{ f ltIn1 =0,

‘ fltInZE {Inf, -Inf}

fltArg1 zero, fltArg2 NaN, i.e.

(-Inf, Inf) {NaN, pmax, nmax}
[ (fltArgl, fltArg2) €X |
< fltIn =0,

fltIn,= NaN

\
fltArg1 denormalized, fitArg2 zero, i.e. (-0.5,0.5) {0, -0}
[ (fltArgl, fltArg2) €X |
{ fltIn €D,
\ fltin,=0
fltArg1 zero, fltArg2 denormalized, i.e. (_1_5’ 1_5) {0, -0}
[ (fltArgl, fltArg2) €X |
{ fltin =0
fltl n,€D

\

fltArg1 normalized, fltArg2 infinite, i.e. (_ In f ,In f ) sign(fltArg2)eInfsign(fltArg
[ ( fltArgl, fltArg2) €X | 2l
{ fltin €N,
| fltin,€ {Inf, -Inf}
fltArg1 normalized, fltArg2 NaN, i.e.
[ (fltArgl, fltArg2) €X | l
{ fltin €N,
/

(-Inf, Inf") NaN

fltin,= NaN

\

fltArg1 denormalized, fltArg2 normalized, i.e. (_223 223> N/A
[ (fltArgl, fltArg2) €X | )
{ fltin €D,

fltl n,eN f

\

fltArg1 normalized, fltArg2 denormalized, i.e. (_ 223 223) N/A
)

Table continues on the next page...
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Table 3-101. GMCLIB_Clarkinv_FLT Worst-Case Error Bounds - Output fltArg2 (continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg2 (regardless the error
output [ulp] bounds) for fitArg2
output

(fltArgl, fltArg2) € X |
fItIn1 €D,

fItInZEN

Both inputs normalized or zero, i.e. (_mel' mel) N/A
{( fltArgl, fltArg2) €X | }
XeNuU{-0, +0}

Both inputs normalized or zero, fltArg2 output underflow i.e. (-]nf’ Il’lf) {-0, +0}
( (fltArgl, fltArg2) € X |
* XeNuU {-0, +0},
|ref fltArg2| - me,- ULP(ref fltArg2) € D A
;( ref fltArg2 +0, )
Both inputs normalized or zero, intermediate result underflow i.e. (-]nf, ]nf) {NaN, -Inf, Inf}

[ (fltArgl, fltArg2) e X | )
X€ENU {-0, +0},

{ ir,€DV
|ir,| - 1.5- ULP(ir,) €D A
\ ( ir,20, ] )
Both inputs normalized or zero, fitArg2 output overflow i.e. (-]nf, ]nf) {NaN, -Inf, Inf}

( fltArgl, fltArg2) € X |
X€eNU {-0, +0},
|ref fltArg2| + me,- ULP(ref fltArg2) e M

Table 3-102. GMCLIB_Clarkinv_FLT Worst-Case Error Bounds - Output fltArg3

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg3 (regardless the error
output [ulp] bounds) for fltArg3
output
Both inputs infinity, i.e. (-]nf’ ]nf) {-sign(fltArg2)eInf,
sign(fltArg2)spmaxj} if
(fItArgl, fItArgZ) €X | sign(fltArg1)=sign(fltArg2),
X c {Inf, -Inf} {NaN, 0, -0} otherwise
fltArg1 infinity, fltArg2 NaN, i.e. (-]nf, ]nf) {NaN, 0, -0, pmax, nmax}

Table continues on the next page...
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Table 3-102. GMCLIB_Clarkinv_FLT Worst-Case Error Bounds - Output fltArg3 (continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg3 (regardless the error
output [ulp] bounds) for fltArg3
output
[ (fltArgl, fltArg2) €X |
{ fltIn €{Inf, -Inf}, }
‘ fIt] n,=NaN
fltArg1 infinity, fltArg2 denormalized, i.e. (-]nf, ]nf) {-lsign(f/tArg1)°Inf,
f (fltArgl, fltArgZ) €X | sign(fitArg1)spmax}
{ fItInIE {Inf, -Inf}, }
\ fltin,€ D
fltArg1 infinity, fltArg2 zero, i.e. (-]nf, ]nf) {-.sign(fItArg1)-Inf,
f (fltArgl, fItArgZ) eX | sign(fltArg1)epmax}
{ fItInle {Inf, -Inf}, }
\ fltin,=0
fltArg1 infinity, fltArg2 normalized, i.e. (-]nf’ ]nf) {-.sign(fItArg1)-Inf,
f (fItArgl, fItArgZ) eX | sign(fltArg1)epmax}
{ fltin €{Inf, -Inf}, }
‘ fltIn,€ N
fltArg1 NaN, flitArg2 infinity, i.e. (-]nf, ]nf) {NaN, pmax, nmax}
[ (fltArgl, fltArg2) € X |
{ fltIn = NaN, }
| fltin,€ {Inf, -Inf}
Both inputs NaN, i.e. (-]nf’ ]nf) {NaN, pmax, nmax}
[ (fltArgl, fitArg2) € X |
{ fltIn ,=NaN, I
\ fltl n,=NaN ‘
fltArg1 NaN, fltArg2 denormalized, i.e. (-]nf’ Il’lf) {NaN, pmax, nmax}
[ (fltArgl, fltArg2) €X | )
{ fltIn = NaN,
‘ fltin, €D f
fltArg1 NaN, flitArg2 zero, i.e. (-]nf’ ]nf) {NaN, pmax, nmax}

Table continues on the next page...
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Table 3-102. GMCLIB_Clarkinv_FLT Worst-Case Error Bounds - Output fltArg3 (continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg3 (regardless the error

output [ulp] bounds) for fltArg3
output

[ (fltArgl, fltArg2) €X |
{ fltIn1 = NaN,

‘ fItInZED }

fltArg1 NaN, fltArg2 normalized, i.e.
[ (fltArgl, fltArg2) € X |
{ fltIn = NaN,

fltin €N

(-Inf, Inf) NaN

\
fltArg1 denormalized, fltArg2 infinite, i.e. (-]nf, ]nf) {-sign(fltArg2)eInf,
[ ( fltArgl, fltArg2) € X | } sign(fltArg2)+pmax}

{ fltIn €D,
| fltin,€ {Inf, -Inf}

fltArg1 denormalized, fltArg2 NaN, i.e. (-]nf’ ]nf) {NaN, pmax, nmax}
[ (fltArgl, fltArg2) €X |
{ fltin €D,

fIt] n,=NaN

\

Both inputs denormalized, i.e.

(_223 223> {0, -0}
[ (fltArgl, fltArg2) € X | }

{ fltin €D,
fltin,€ D

\

fltArg1 zero, fltArg2 infinite, i.e.
[ (fltArgl, fltArg2) €X |
{ fltin =0,
| fltin,€ {Inf, -Inf}
fltArg1 zero, fltArg2 NaN, i.e. (-]nf’ Il’lf) {NaN, pmax, nmax}
[ (fltArgl, fltArg2) €X | )
{ fltin =0

fItIn2 = NaN f

fltArg1 denormalized, fltArg2 zero, i.e. (_()_5’ 0.5> {0, -0}

-Inf, I {-sign(flitArg2)eInf,
( nf nf) sign(fltArg2)epmax}

\

Table continues on the next page...
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Table 3-102. GMCLIB_Clarkinv_FLT Worst-Case Error Bounds - Output fltArg3 (continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg3 (regardless the error

output [ulp] bounds) for fltArg3
output

[ (fltArgl, fltArg2) €X |
{ fltInle D,
‘ flt1n2= 0

fltArg1 zero, fltArg2 denormalized, i.e. (_]_5’ ]_5) {0, -0}
[ (fltArgl, fltArg2) € X | }

{ fltIn =0,
\ fltin,€ D

fltArg1 normalized, fltArg2 infinite, i.e. (-]nf, ]nf) {-sign(fltArg2)eInf}
[ (fltArgl, fltArg2) €X | }

{ fltIn €N,
| fltin,€ {Inf, -Inf}

fltArg1 normalized, fltArg2 NaN, i.e. (-]nf’ ]nf) NaN
[ (fltArgl, fltArg2) €X |
{ fltin LEN,

fItIn2 = NaN

\

fltArg1 denormalized, fltArg2 normalized, i.e. (_223 223> N/A
[ (fltArgl, fltArg2) € X |
{ fltin €D,
fltin,€N
fltArg1 normalized, fltArg2 denormalized, i.e. (_223 223> N/A
[ (fltArgl, fltArg2) €X |
{ fltin €D,
fltin €N

\

\

Both inputs normalized or zero, i.e. ('melr mel) N/A
{( fltArgl, fltArg2) €X | }

X€ENU {-0, +0}
Both inputs normalized or zero, fltArg3 output underflow i.e. (- In f ,In f ) {-0, +0}

Table continues on the next page...
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Table 3-102. GMCLIB_Clarkinv_FLT Worst-Case Error Bounds - Output fltArg3 (continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg3 (regardless the error
output [ulp] bounds) for fltArg3
output

(fltArgl, fltArg2) € X |
XeNuU {-0, +0},
|ref fltArg2| - me,- ULP(ref fltArg2) € D A
( ref fltArg2 + 0, )
Both inputs normalized or zero, intermediate result underflow i.e. (-]nf, ]nf) {NaN, -Inf, Inf}
[ (fltArgl, fltArg2) e X | )
XeNU {-0, +0},

{ ir,€DV
|ir,| - 1.5- ULP(ir,) ED A
\ ( ir,#0, ] )
Both inputs normalized or zero, fitArg3 output overflow i.e. (-]nf, ]nf) {NaN, -Inf, Inf}

( fltArgl, fltArg2) € X |
X€eNU {-0, +0},
|ref fltArg2| + me,- ULP(ref fltArg2) e M

3.33 Function GMCLIB_DecouplingPMSM_FLT

3.33.1 Declaration

void GMCLIB_DecouplingPMSM FLT (SWLIBS_2Syst_ FLT *const pUdgDec, const SWLIBS_2Syst FLT *const
pUdg, const SWLIBS 2Syst FLT *const pIdg, tFloat fltAngularVel, const

GMCLIB DECOUPLINGPMSM T FLT *const pParam);
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3.33.2 Arguments
Table 3-103. GMCLIB_DecouplingPMSM_FLT

arguments
Type Name Direction Description
SWLIBS_2Syst_FLT pUdgDec output Pointer to the structure containing direct (U g _gec) and
*const quadrature (U ¢f_gec) cOMponents of the decoupled stator
voltage vector to be applied on the motor terminals.
const pUdq input Pointer to the structure containing direct (u ) and quadrature
SWLIBS_2Syst_FLT (u ¢r) components of the stator voltage vector generated by
*const the current controllers.
const pldq input Pointer to the structure containing direct (i 4r) and quadrature
SWLIBS_2Syst_FLT (i o) components of the stator current vector measured on the
*const motor terminals.
tFloat fltAngularVel input Rotor angular velocity in rad/sec, referred to as ( omegagy) in
the detailed section of the documentation.
const pParam input Pointer to the structure containing L p and L g coefficients
GMCLIB_DECOUPLIN (see the detailed section of the documentation).
GPMSM_T_FLT *const

3.33.3 Worst-Case Error Bounds

Let (UfltArgl, UfltArg2, IfltArgl, IfltArg2, fltAngularVel, fltLD, fltL.Q) € X be a vector of
inputs to GMCLIB_DecouplingPMSM_FLT,

reffltArgl, reffltArg2 be the theoretical exact results for outputs fltArgl and fltArg2,
respectively,

ira, = fltAngularVel - IfItArg2,
iray=iray" fItLQ,
irb, = fltAngularVel- 1 fitArgl
irb,=irb," fItLD

then
Table 3-104. GMCLIB_DecouplingPMSM_FLT Worst-Case Error Bounds - fltArg1 Output
Subset of input domain Worst-case error Allowed specific values
bounds for fltArg1 (regardless the error
output [ulp] bounds) for fltArg1
output
Any of {UfltArg1, IfltArg2, fitLQ, fltAngularVel} is NaN, i.e. (_ In f , In f ) {NaN, pmax, nmax}

Table continues on the next page...
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Table 3-104. GMCLIB_DecouplingPMSM_FLT Worst-Case Error Bounds - fltArg1 Output

(continued)

Subset of input domain

Worst-case error
bounds for fltArg1
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltArg1
output

( UfltArgl, UfltArg?2, \

IfltArgl, IfItArg2, eEX

( \ fltAngularVel, fItLD, fItLQ
UfltArgl, IfItArg2,

\ { fItLQ, fltAngularVel

}nNaN;t@J

Any of {UfltArg1, IfltArg2, fltLQ, fltAngularVel} is infinity, i.e.
f UfltArgl, UflItArg?2, \

IfltArg]l, IfItArg2, eEX
{ fltAngularVel, fItLD, fItLQ

UfltArgl, IfItArg?, )
\ | fItLQ, fltAngularVel N {Inf, -Inf} # |

(-Inf, Inf)

{NaN, pmax, nmax, Inf, -
Inf, 0, -0}

At least one of {UfltArg1, IfltArg2, fitLQ, fltAngularVel} is

f UfltArgl, UfltArg?2, 1
IfltArgl, IfItArg2, eEX
fltAngularVel, fItLD, fItLQ
UfltArgl, IfItArg?2,
{ fItLQ, fltAngularVel
UfltArgl, IfItArg2,
\ { fItLQ, fltAngularVel

}nD;t g,

}nM=@J

denormalized, others are normalized, denormalized, or zero, i.e.

(-Inf, Inf)

{Os '0}

All of {UfltArg1, IfltArg2, fItLQ, fltAngularVel} are zero, i.e.
(( UfltArgl, UfItArg2, 1

IfltArgl, IfItArg2, EX
fltAngularVel, fItLD, fItLQ
( UfItArgl=0,
IfltArg2=0,
fItLQ =0,
\ fltAngularVel =0 J

N/A

inputs lead to normalized or zero results, i.e.

All of {UfltArg1, IfltArg2, fItLQ, fltAngularVel} are normalized or zero,

(-1,1)

Table continues on the next page...
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Table 3-104. GMCLIB_DecouplingPMSM_FLT Worst-Case Error Bounds - fltArg1 Output

(continued)

Subset of input domain

Worst-case error
bounds for fltArg1
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltArg1
output

i

|

|

UfltArgl, IfItArg2,
fItLQ, fItAngularVel

UfltArgl, UfltArg2,

IfltArgl, IfItArg2,

eX

fltAngularVel, fItLD, fItLQ

}CNU {-0, +0},

{ira, ira,} cNU {-0, +0},
ref fltArgl=0Vv
0.5- (|ref fltArgl|-ULP(ref fltArgl) ) € DA

|ref fltArgl| + ULP(ref fItArgl) # Inf

)

[

|

IfltArgl, IfItArg2,

fltAngularVel, fItLD, fItLQ
UfltArgl, IfItArg?2,
fItLQ, fltAngularVel
\ |ref fltArgl| +ULP(ref fltArgl) =Inf |

}CNU {-0, +0},

1

EX

All of {UfltArg1, IfltArg2, fltLQ, fltAngularVel} are normalized or zero,
fltArg1 output overflow, i.e.

UfltArgl, UfItArg?2,

(-Inf, Inf)

{sign(reffitArg1)eInf,
sign(reffitArg1)epmax,
NaN}

F

|

UfltArgl, UfltArg2,
IflItArg], IfItArg2,

fltAngularVel, fItLD, fItLQ
UfltArgl, IfItArg?2,
fItLQ, fltAngularVel

ref fltArgl#0A

\0.5- (|ref fltArgl|-ULP(ref fitArgl) ) € D|

}CNU {-0, +0},

!
eX

All of {UfltArg1, IfltArg2, fItLQ, fltAngularVel} are normalized or zero,
fltArg1 output underflow or uncompensated calculation, i.e.

(-22% 224)

{0, -0}

All of {UfltArg1, IfltArg2, fItLQ, fltAngularVel} are normalized or zero,
intermediate result overflow, i.e.

(-Inf, Inf)

Table continues on the next page...
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Table 3-104. GMCLIB_DecouplingPMSM_FLT Worst-Case Error Bounds - fltArg1 Output
(continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg1 (regardless the error
output [ulp] bounds) for fltArg1
output

( UfltArgl, UfItArg2,
IfltArg], IfltArg2, eEX
fltAngularVel, fItLD, fItLQ
UfltArgl, IfItArg?2,
{ fItLQ, fItAngularVel
|ira;| +0.5- ULP(ira,),
n( |iray] + ULP(ira,) )”{’"f"’”f}ml

All of {UfltArg1, IfltArg2, fItLQ, fltAngularVel} are normalized or zero, (_ 224 224) {0, -0}
intermediate result underflow, i.e. ’

’ UfltArgl, UfItArg2, 1
IfltArg]l, IfItArg?2, eX
fltAngularVel, fItLD, fItLQ
UfltArgl, IfItArg2,
{ fItLQ, fltAngularVel
(0.5- (|ira;|-0.5-ULP(ira;)) €DA ) y

}CNU {-0, +0},

}CNU {-0, +0},

ira; # 0,
0.5- (|ira,|-ULP(ira,) ) €EDA
i ira,# 0, J

Table 3-105. GMCLIB_DecouplingPMSM_FLT Worst-Case Error Bounds - fltArg2 Output

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg2 (regardless the error
output [ulp] bounds) for fltArg2
output
Any of {UfltArg2, IfltArg1, fltLD, fltAngularVel} is NaN, i.e. (_ In f , In f ) {NaN, pmax, nmax}
( UfltArgl, UfItArg?2, \
IfltArgl, IfItArg2, EX

( \ fltAngularVel, fItLD, fItLQ

UfltArg2, [fItArgl,
fltdrg2 I]ltArg N NaN = &
\ | fItLD, fltAngularVel )
Any of {UfltArg2, IfltArg1, fltLD, fltAngularVel} is infinity, i.e. (-]nf, ]nf) {NaN, pmax, nmax, Inf, -
Inf, 0, -0}

Table continues on the next page...
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Table 3-105. GMCLIB_DecouplingPMSM_FLT Worst-Case Error Bounds - fltArg2 Output
(continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg2 (regardless the error
output [ulp] bounds) for fltArg2
output

( UfltArgl, UfltArg2, \
IfltArgl, IfItArg2, eEX
{ fltAngularVel, fItLD, fItLQ
UfltArg2, IfItArgl,
\ { FItLD, fltAngularvel [ N 1S -Inf}# O]

At least one of {UfltArg2, IfitArg1, fitLD, fltAngularVel} is (_ In f' In f ) {0, -0}
denormalized, others are normalized, denormalized, or zero, i.e.

[ UfltArgl, UfltArg?2, 1
IfltArgl, IfItArg?2, EX
fltAngularVel, fItLD, fItLQ
UfltArg2, IfItArg],
{ fItLD, fltAngularVel
UfltArg2, IfItArg],
\ { fItLD, fltAngularVel

All of {UfltArg2, IfltArg1, fIitLD, fltAngularVel} are zero, i.e. 0 N/A
[ UfltArgl, UfltArg?2, 1

IfltArgl, IfItArg?2, eX
fltAngularVel, fItLD, fItLQ
( UfItArg2=0,
IfltArgl=0,
fItLD =0,
\ fltAngularVel =0 ]

All of {UfltArg2, IfltArg1, fIitLD, fltAngularVel} are normalized or zero, (_ 1’ 1) N/A
inputs lead to normalized or zero results, i.e.

| UfltArgl, UfItArg?2, \
IfltArgl, [fItArg?2, EX

fltAngularVel, fItLD, fItLQ

* { UfltArg2, IfItArg],

}nD:t g,

}nM=@J

fItLD, fltAngularVel} cNU{-0,+0}, b

{irb,, irb,} cNU {-0, +0},
ref fltArg2=0Vv
0.5- (|ref fltArg2| -ULP(ref fltArg2) ) &€ DA
i( |ref fItArg2| + ULP(ref fItArg2) # Inf )i

Table continues on the next page...
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Table 3-105. GMCLIB_DecouplingPMSM_FLT Worst-Case Error Bounds - fltArg2 Output
(continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg2 (regardless the error
output [ulp] bounds) for fltArg2
output
All of {UfltArg2, IfltArg1, fitLD, fltAngularVel} are normalized or zero, (_ In f , In f ) {sign(reffitArg2)eInf,
fltArg2 output overflow, i.e. sign(reffltArg2)epmax,
[ UfltArgl, UfltArg?2, \ NaN}

IfltArgl, IfItArg2, exX
fltAngularVel, fItLD, fItLQ
* UfltArg2, IfItArg],
{ fItLD, fltAngularVel
\ |ref fltArg2| + ULP(ref fitArg2) =Inf |

All of {UfltArg2, IfltArg1, fIitLD, fltAngularVel} are normalized or zero, (_ 224 224) {0, -0}
fltArg2 output underflow or uncompensated calculation, i.e. ’

[ UfltArgl, UfltArg?2, \
IfltArg], IfItArg?2, eX
fltAngularVel, fItLD, fItLQ
UfltArg2, IfItArg],
{ fItLD, fltAngularVel
ref fltArg2+ 0 A
\0.5- (|ref fltArg2| - ULP(ref fItArg2)) € D|

All of {UfltArg2, IfltArg1, fIitLD, fltAngularVel} are normalized or zero, (_ In f , In f ) {pmax, nmax, Inf, -Inf}
intermediate result overflow, i.e.

[ UfltArgl, UfItArg?2, \
IfltArgl, IfItArg2, eX
fltAngularVel, fItLD, fItLQ
( UfItArg2, IfltArgl,
{ fItLD, fltAngularVel
|irb;| +0.5- ULP(irb,),
n( |irby| +ULP(irb,) ]““”f"’"f}i@a

All of {UfltArg2, IfltArg1, fIitLD, fltAngularVel} are normalized or zero, (_ 224 224) {0, -0}
intermediate result underflow, i.e. !

}CNU {-0, +0},

}CNU {-0, +0},

}CNU {-0, +0},
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Table 3-105. GMCLIB_DecouplingPMSM_FLT Worst-Case Error Bounds - fltArg2 Output

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg2 (regardless the error
output [ulp] bounds) for fltArg2
output

’ UfltArgl, UfltArg?2, \
IfltArgl, IfItArg2, eX
fltAngularVel, fItLD, fItLQ
UfltArg2, IfItArg],
{ fItLD, fltAngularVel
0.5- (|irby|-0.5-ULP(irb;) ) EDA
( ira, #0, ) v
0.5- (|irb,| -ULP(irb,) ) EDA
| ) |

}cNU{-O,+0}, }

irb, # 0,

3.34 Function GMCLIB_ElimDcBusRip_FLT

3.34.1 Declaration

void GMCLIB ElimDcBusRip FLT (SWLIBS 2Syst FLT *const pOut, const SWLIBS 2Syst FLT *const pIn,

const GMCLIB_ELIMDCBUSRIP_T_FLT *const pParam);

3.34.2 Arguments
Table 3-106. GMCLIB_ElimDcBusRip_FLT

arguments
Type Name Direction Description

SWLIBS_2Syst_FLT pOut output Pointer to the structure with direct ( a) and quadrature ( B)
*const components of the required stator voltage vector re-calculated

so as to compensate for voltage ripples on the DC bus.
const pin input Pointer to the structure with direct ( a) and quadrature ( B)
SWLIBS_2Syst_FLT components of the required stator voltage vector before
*const compensation of voltage ripples on the DC bus.
const pParam input Pointer to the parameters structure.
GMCLIB_ELIMDCBUS
RIP_T_FLT *const
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3.34.3 Worst-Case Error Bounds

Let (fltArgl, fltArg2, fltModlIndex, fltArgDcBusMsr) € X be a vector of inputs to
GMCLIB_ElimDcBusRip_FLT,

reffltArgl, reffltArg2 be the theoretical exact results for outputs fltArgl and fltArg2,
respectively,

iry= fltArgl- fltModIndex
ir,= fltArg2- fltModIndex
then
Table 3-107. GMCLIB_ElimDcBusRip_FLT Worst-Case Error Bounds - fltArg1 Output

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg1 (regardless the error
output [ulp] bounds) for fltArg1
output
Any of {fltArg1, fltModIndex, fltArgDcBusMsr} is NaN, i.e. (_ In f , In f ) {NaN, pmax, nmax}
f fltArg], fltArg?2, \
fltModIndex, fltArgDcBusMsr €X
{ fltArgl, }
fltModIndex, NNaN = &
\ fltArgDcBusMsr /
Any of {fltArg1, fltModIndex, fltArgDcBusMsr} is infinity, i.e. (-]nf’ ]nf) {NaN, pmax, nmax, Inf, -
f fItArgl, fItArg?2, ¥ \ Inf}
€
fltModIndex, fItArgDcBusMsr
{ fltArgl, }
fltModIndex, N {Inf, -Inf} # &
\ | fltArgDcBusMsr )
At least one of {fltArg1, fltModIndex, fltArgDcBusMsr} is (_ In f , In f ) {pmax, nmax, Inf, -Inf, O,
denormalized, others are normalized, denormalized, or zero, i.e. -0}

Table continues on the next page...
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Table 3-107. GMCLIB_ElimDcBusRip_FLT Worst-Case Error Bounds - fitArg1 Output

(continued)

Subset of input domain

Worst-case error
bounds for fltArg1
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltArg1
output

[ fltArg], fltArg?2,
(fltModIndex, fItArgDcBusMsr) €X ‘
fltArgl,
fltModlIndex,
< fItArgDcBusMsr
fltArgl,
fltModIndex,
\ fltArgDcBusMsr

ND# O,

NM=g

!

/

fltArg], fltArg?2,

fltArg],
{ fltModIndex
< fItArgDcBusMsr € N,
irr e NU {-0, +0},
ref fltArgl=0Vv

}CNU {-0, +0},

! !
fltModIndex, fltArgDcBusMsr €X

( |ref fltArgl|-1.5-ULP(ref fltArgl) € D A
\\ |ref fltArgl| + 1.5- ULP(ref fltArgl) # Inf

All of {fltArg1, fltModIndex} are normalized or zero, fltArgDcBusMsr
is normalized, inputs lead to normalized or zero results, i.e.

)

(-1.5,1.5)

N/A

is zero, i.e.
f fltArg], fltArg?2,
( fltModIndex, fItArgDcBusMsr] €X ’
{ fltArgl,
{ fltModIndex
\ fltArgDcBusMsr =0

}CNU {-0, +0},

)

/

All of {fltArg1, fltModIndex} are normalized or zero, fltArgDcBusMsr

{0, -0}

is normalized, fltArg1 output overflow, i.e.

All of {fltArg1, fltModIndex} are normalized or zero, fltArgDcBusMsr

(-Inf, Inf)

Table continues on the next page...
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Table 3-107. GMCLIB_ElimDcBusRip_FLT Worst-Case Error Bounds - fitArg1 Output
(continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg1 (regardless the error

output [ulp] bounds) for fltArg1
output

[ fltArgl, fltArg?2, 1
(fltModIndex, fItArgDcBusMsr) ex ‘
fltArgl,
( {fltModIndex
fItArgDcBusMsr € N,
| [ref fltArgl| + 1.5+ ULP(ref fltArg1) = Inf)

All of {fltArg1, fltModIndex} are normalized or zero, fltArgDcBusMsr (-1_5} ]__5) {0, -0}
is normalized, fltArg1 output underflow, i.e.

[ fltArg], fltArg?2,
(fltModIndex, fltArgDcBusMsr] €x ‘
fltArg],
{fltModIndex
fltArgDcBusMsr € N,
ref fltArgl#0A
\|ref fltArgl|-1.5-ULP(ref fIitArgl) € D|

All of {fltArg1, fltModIndex} are normalized or zero, fltArgDcBusMsr (_ In f' In f ) {NaN, pmax, nmax, Inf, -
is normalized, intermediate result overflow, i.e. Inf, 0, -0}

[ fltArgl, fItArg2, \
( fltModIndex, fltArgDcBusMsr] €x ‘
fltArgl,
( { fltModIndex
fItArgDcBusMsr € N,
\ |iry| +0.5-ULP(iry) € {Inf, -Inf} |

All of {fltArg1, fltModIndex} are normalized or zero, fltArgDcBusMsr (-1_5’ 1_5) {NaN, pmax, nmax, Inf, -
is normalized, intermediate result underflow, i.e. Inf, 0, -0}

f fltArgl, fltArg2, \
[fItModIndex, fltArgDcBusMsr) €X ‘
fltArg],
{ fltModIndex
fltArgDcBusMsr € N,
|ir,| -0.5- ULP(ir,) €D A
\ iri#0 /

}CNU{-0,+O}, }

}CNU{-0,+0}, b

}CNU{-O,+0}, }

}CNU{-0,+0}, }
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Table 3-108. GMCLIB_ElimDcBusRip_FLT Worst-Case Error Bounds - fltArg2 Output

Subset of input domain

Worst-case error
bounds for fltArg2
output [ulp]

Allowed specific values
(regardless the error
bounds) for fitArg2
output

Any of {fltArg2, fltModIndex, fltArgDcBusMsr} is NaN, i.e.
( fltArg], fltArg?2, \
[fItModIndex, fltArgDcBusMsr) €X ‘

{ fltArg2, }

fltModIndex, N NaN # &
\ fltArgDcBusMsr }

(-Inf, Inf)

{NaN, pmax, nmax}

Any of {fltArg2, fltModIndex, fltArgDcBusMsr} is infinity, i.e.
f fltArgl, fltArg?2, \

( fltModlIndex, f ItArgDcBusMsr] €x

{ fltArg2, }
fltModIndex, N {Inf, -Inf} = O
\ \ fltArgDcBusMsr /

(-Inf, Inf)

{NaN, pmax, nmax, Inf, -
Inf}

At least one of {fltArg2, fltModIndex, fltArgDcBusMsr} is
denormalized, others are normalized, denormalized, or zero, i.e.

f( fltArg], fltArg?2, ] cx \

fltModlIndex, fltArgDcBusMsr

fltArg2,

fltModIndex,

< fItArgDcBusMsr
fltArg?2,

fltModIndex, NM=0QO

\ fltArgDcBusMsr i

ND% O, }

(-Inf, Inf)

{pmax, nmax, Inf, -Inf, O,
-0}

is normalized, inputs lead to normalized or zero results, i.e.

’ ( fltArg], fItArg?2, ] cx ‘ \
fltModlIndex, fltArgDcBusMsr
fltArg2,
{ fltModIndex
< fltArgDcBusMsr € N,
ir,eNU{-0, +0},
ref fltArg2=0V
|ref fltArg2| -1.5-ULP(ref fltArg2) € D A
i ( |ref fltArg2| +1.5- ULP(ref fltArg2) ¢Inf] |

}CNU {-0, +0},

All of {fltArg2, fltModIndex} are normalized or zero, fltArgDcBusMsr

(-1.5,1.5)

N/A

Table continues on the next page...
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Table 3-108. GMCLIB_ElimDcBusRip_FLT Worst-Case Error Bounds - fltArg2 Output
(continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg2 (regardless the error

output [ulp] bounds) for fitArg2
output

All of {fltArg1, fltModIndex} are normalized or zero, fltArgDcBusMsr |0 {0, -0}
is zero, i.e.

[ fltArgl, fltArg?2, \
( fltModIndex, fltArgDcBusMsr] € X ’
{ fltArg2,

{ fltModIndex
\ fItArgDcBusMsr =0 }

All of {fltArg2, fltModIndex} are normalized or zero, fltArgDcBusMsr (_ In f' In f ) {sign(reffitArg2)eInf,
is normalized, fltArg2 output overflow, i.e. sign(reffltArg2)spmax,

[ fltArg], fltArg?2, \ NaN}
(fltModIndex, fItArgDcBusMsr) ex
fltArg2,
( {fltModIndex
fltArgDcBusMsr € N,
\|ref fltArg2| + 1.5- ULP(ref fltArg2) = Inf |

All of {fltArg2, fltModIndex} are normalized or zero, fltArgDcBusMsr (-1_5’ 1_5) {0, -0}
is normalized, fltArg2 output underflow, i.e.

[ fltArg], fItArg?2, \
(fltModIndex, fltArgDcBusMsr] € X ‘
fltArg?2,
{ fItModIndex
fItArgDcBusMsr € N,
ref fltArg2+ 0 A
\|ref fltArg2| -1.5- ULP(ref fltArg2) € D|

All of {fltArg2, fltModIndex} are normalized or zero, fltArgDcBusMsr (- In f , In f ) {NaN, pmax, nmax, Inf, -
is normalized, intermediate result overflow, i.e. Inf, 0, -0}

[ fltArgl, fItArg2, \
(fltModIndex, fItArgDcBusMsr) €X ‘
fltArg?2,
< { fltModIndex
fItArgDcBusMsr € N,
\ |iry| +0.5-ULP(ir,) € {Inf, -Inf} |

All of {fltArg2, fltModIndex} are normalized or zero, fltArgDcBusMsr (_1_5, 1_5) {NaN, pmax, nmax, Inf, -
is normalized, intermediate result underflow, i.e. Inf, 0, -0}

}CNU{-O,+0}, }

}CNU{Q+OL )

}CNU{-0,+O}, )

}cNULQ+m, |
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Table 3-108. GMCLIB_ElimDcBusRip_FLT Worst-Case Error Bounds - fltArg2 Output

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg2 (regardless the error
output [ulp] bounds) for fitArg2
output
f fltArgl, fltArg2, X \
fltModlIndex, fltArgDcBusMsr
fltArg?2,
( {fltModIndex cNU{-0,+0}, }
fltArgDcBusMsr € N,
\ ir,#0 /

3.35 Function GMCLIB Park FLT

3.35.1 Declaration

void GMCLIB Park FLT(SWLIBS 2Syst FLT

SWLIBS 2Syst FLT *const pIn);

3.35.2 Arguments

*poOut,

const SWLIBS 2Syst FLT *const pInAngle,

Table 3-109. GMCLIB_Park_FLT arguments

const

Type Name Direction Description

SWLIBS_2Syst_FLT * |pOut input, Pointer to the structure containing data of the two-phase
output rotational orthogonal system (d-q).

const pInAngle input Pointer to the structure where the values of the sine and
SWLIBS_2Syst_FLT cosine of the rotor position are stored.
*const
const pin input Pointer to the structure containing data of the two-phase
SWLIBS_2Syst_FLT stationary orthogonal system ( a- B).
*const
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3.35.3 Worst-Case Error Bounds

Let (AnglefltArgl, AnglefltArg2, InfltArgl, InfltArg2) € X be a vector of inputs to
GMCLIB_Park_FLT,

reffltArgl, reffltArg2 be the theoretical exact results for outputs fltArgl and fltArg2,
respectively,

iry=InfltArgl- AnglefItArg2
ir,=InfltArg2- AnglefItArgl
irs=InfltArg2- AnglefItArg2
ir,= - InfltArgl- AnglefItArgl

then
Table 3-110. GMCLIB_Park_FLT Worst-Case Error Bounds - fltArg1 Output
Subset of input domain Worst-case error Allowed specific values
bounds for fltArg1 (regardless the error
output [ulp] bounds) for fltArg1
output
Any of the inputs is NaN or infinity, i.e. N/A {Inf, -Inf, NaN, pmax,
AnglefltArgl, AnglefItArg?2, nmax, -0, +0}
InfltArg]l, InfltArg?2
XNMz# QD
Any of the inputs is denormalized, neither is NaN or infinity, i.e. (-]nf, ]nf) N/A

AnglefltArgl, AnglefItArg?2,
InfltArg], InfltArg2
XNDz,XNM=0Q

All inputs normalized or zero, results normalized or zero, i.e. (_1’ 1) N/A

f AnglefltArgl, AnglefItArg?2, \
( InfltArg], InfltArg2 ]
XcNu{-0, +0},

( {ir, ir,} ©NU {-0, +0}, }
ref fltArgl=0Vv

|ref fltArgl| -ULP(ref fltArgl) € D A

\ ( |ref fltArgl| + ULP(ref fItArgl) # Inf) /
All inputs zero, i.e. 0 N/A

Table continues on the next page...
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Table 3-110. GMCLIB_Park_FLT Worst-Case Error Bounds - fltArg1 Output (continued)

Worst-case error
bounds for fltArg1
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltArg1
output

(']-r 1)

{sign(reffitArg1)eInf,
sign(reffltArg1)epmax,
NaN}

(224 224)

{-0, +0}

N/A

Arbitrary floating-point
value (including Inf, —Inf,
NaN)

(AnglefltArgl, AnglefltArg2, ) ¥ ‘
€
Xc{-0, +0}
All inputs normalized or zero, fltArg1 output overflow, i.e.
InfltArgl, InfltArg?2
XcNu{-0, +0},
|ref fltArgl| + ULP(ref fltArgl) = Inf
All inputs normalized or zero, fltArg1 output underflow or underflow
( AnglefltArgl, AnglefItArg?2,
InfltArgl, InfltArg?2
0.5- (|ref fltArgl|-ULP(ref fltArgl) €D) A
\ ref fltArgl+0 )
[ (AnglefltArgl, AnglefItArg?2,
InfltArgl, InfltArg?2
\|iry| € {Inf, -Inf} V |iry| € {Inf, -Inf}
All inputs normalized or zero, intermediate result underflow, i.e.
InfltArg]l, InfltArg?2
XcNu{-0, +0},

Subset of input domain
InfltArgl, InfltArg?2
(AnglefltArgl, AnglefItArg?2, ) cx ‘
in internal compensation calculation, i.e.
Jex|
{ XcNu{-0, +0},
All inputs normalized or zero, intermediate result overflow, i.e.
XcNu{-0, +0},
[ (AnglefltArgl, AnglefltArg?2, )
\ irr€DVir,eD

(-Inf, Inf)

N/A

Table 3-111. GMCLIB_Park_FLT Worst-Case Error Bounds - fltArg2 Output

Subset of input domain

Worst-case error
bounds for fltArg2
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltArg2
output

Any of the inputs is NaN or infinity, i.e.

N/A

Table continues on the next page...

{Inf, -Inf, NaN, pmax,
nmax, -0, +0}
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Table 3-111. GMCLIB_Park_FLT Worst-Case Error Bounds - fltArg2 Output (continued)

Subset of input domain

Worst-case error
bounds for fltArg2
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltArg2
output

AnglefltArgl, AnglefItArg2,
InfltArg]l, InfltArg?2
XNM=#Q

Any of the inputs is denormalized, neither is NaN or infinity, i.e.

AnglefltArgl, AnglefItArg?2,
InfltArg]l, InfltArg?2
XNDz,XNM=0Q

(-Inf, Inf)

N/A

All inputs normalized or zero, results normalized or zero, i.e.

f AnglefltArgl, AnglefItArg?2, \
( InfltArgl, InfltArg2 ]
XcNu{-0, +0},
( {iry ir,} €N U {-0, +0},

ref fltArg2=0Vv

(|ref fItArg2| -ULP(ref fltArg2) € D A
\ |ref fItArg2| + ULP(ref fltArg2) # Inf) /

('L 1)

N/A

All inputs zero, i.e.

(AnglefltArgl, AnglefltArg?2,
| InfltArgl, InfltArg?2
Xc{-0, +0}

N/A

All inputs normalized or zero, fltArg2 output overflow, i.e.

AnglefltArgl, AnglefItArg?2,
( InfltArg]l, InfltArg?2 ) ‘
XcNu{-0, +0},
|ref fltArg2| + ULP(ref fltArg2) = Inf

('L 1)

{sign(reffitArg2)eInf,
sign(reffltArg2)spmax,
NaN}

All inputs normalized or zero, fltArg2 output underflow or underflow
in internal compensation calculation, i.e.

( (AnglefltArgl, AnglefitArg2, ) ‘ 1

InfltArg]l, InfltArg?2

( XCNuU{-0, +0}, )
0.5- (|ref fltArg2|-ULP(ref fltArg2) €D) A

\ ref fltArg2+0 J

(224 224)

{-0, +0}

All inputs normalized or zero, intermediate result overflow, i.e.

N/A

Table continues on the next page...

Arbitrary floating-point
value (including Inf, —Inf,

NaN)
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Table 3-111. GMCLIB_Park_FLT Worst-Case Error Bounds - fltArg2 Output (continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg2 (regardless the error
output [ulp] bounds) for fltArg2
output

[ (AnglefltArgl, AnglefItArg2,
( InfltArgl, InfltArg?2 ) ‘
XcNu{-0, +0},

\|ir3| € {Inf, -Inf} V |ir,| € {Inf, -Inf}

All inputs normalized or zero, intermediate result underflow, i.e. (-]nf’ ]nf) N/A
[ (AnglefltArgl, AnglefltArg?2, )

InfltArg], InfltArg2
XcNu{-0, +0},
\ irs€DVir,€D

3.36 Function GMCLIB_ Parkinv_FLT

3.36.1 Declaration

void GMCLIB ParkInv FLT(SWLIBS 2Syst FLT *const pOut, const SWLIBS 2Syst FLT *const pInAngle,
const SWLIBS 2Syst FLT *const pIn);

3.36.2 Arguments
Table 3-112. GMCLIB_Parkinv_FLT arguments

Type Name Direction Description
SWLIBS_2Syst_FLT pOut input, Pointer to the structure containing data of the two-phase
*const output stationary orthogonal system ( a- f).
const plnAngle input Pointer to the structure where the values of the sine and
SWLIBS_2Syst_FLT cosine of the rotor position are stored.

*const

const pin input Pointer to the structure containing data of the two-phase
SWLIBS_2Syst_FLT rotational orthogonal system (d-q).

*const
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3.36.3 Worst-Case Error Bounds

Let (AnglefltArgl, AnglefltArg2, InfltArgl, InfltArg2) € X be a vector of inputs to

GMCLIB_ParkInv_FLT,

reffltArgl, reffltArg2 be the theoretical exact results for outputs fltArgl and fltArg2,

respectively,

iry=InfltArgl- AnglefItArg2
ir,=-InfltArg2- AnglefItArgl
iry=InfltArgl- AnglefItArgl
iry=InfltArg2- AnglefItArg2

then

Table 3-113. GMCLIB_Parkinv_FLT Worst-Case Error Bounds - fltArg1 Output

Subset of input domain

Worst-case error
bounds for fltArg1
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltArg1
output

Any of the inputs is NaN or infinity, i.e.
(AnglefltArgl, AnglefltArg?2, ) ‘

InfltArg]l, InfltArg?2
XNnMz O

N/A

{Inf, -Inf, NaN, pmax,
nmax, -0, +0}

Any of the inputs is denormalized, neither is NaN or infinity, i.e.

AnglefltArgl, AnglefItArg?2,
InfltArg], InfltArg2
XNDz,XNM=0Q

(-Inf, Inf)

N/A

All inputs normalized or zero, results normalized or zero, i.e.

f AnglefltArgl, AnglefItArg?2, \
( InfltArg], InfltArg2 ]
XcNu{-0, +0},
( {ir, ir,} ©NU {-0, +0}, }
ref fltArgl=0Vv

|ref fltArgl| -ULP(ref fltArgl) € D A
\ ( |ref fltArgl| + ULP(ref fItArgl) # Inf) /

('L 1)

N/A

All inputs zero, i.e.

0

Table continues on the next page...

N/A
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Table 3-113. GMCLIB_Parkinv_FLT Worst-Case Error Bounds - fltArg1 Output (continued)

Worst-case error
bounds for fltArg1
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltArg1
output

(']-r 1)

{sign(reffitArg1)eInf,
sign(reffltArg1)epmax,
NaN}

(224 224)

{-0, +0}

N/A

Arbitrary floating-point
value (including Inf, —Inf,
NaN)

(AnglefltArgl, AnglefltArg2, ) ¥ ‘
€
Xc{-0, +0}
All inputs normalized or zero, fltArg1 output overflow, i.e.
InfltArgl, InfltArg?2
XcNu{-0, +0},
|ref fltArgl| + ULP(ref fltArgl) = Inf
All inputs normalized or zero, fltArg1 output underflow or underflow
( AnglefltArgl, AnglefItArg?2,
InfltArgl, InfltArg?2
0.5- (|ref fltArgl|-ULP(ref fltArgl) €D) A
\ ref fltArgl+0 )
[ (AnglefltArgl, AnglefItArg?2,
InfltArgl, InfltArg?2
\|iry| € {Inf, -Inf} V |iry| € {Inf, -Inf}
All inputs normalized or zero, intermediate result underflow, i.e.
InfltArg]l, InfltArg?2
XcNu{-0, +0},

Subset of input domain
InfltArgl, InfltArg?2
(AnglefltArgl, AnglefItArg?2, ) cx ‘
in internal compensation calculation, i.e.
Jex|
{ XcNu{-0, +0},
All inputs normalized or zero, intermediate result overflow, i.e.
XcNu{-0, +0},
[ (AnglefltArgl, AnglefltArg?2, )
\ irr€DVir,eD

(-Inf, Inf)

N/A

Table 3-114. GMCLIB_Parkinv_FLT Worst-Case Error Bounds - fltArg2 Output

Subset of input domain

Worst-case error
bounds for fltArg2
output [ulp]

Allowed specific values
(regardless the error
bounds) for fltArg2
output

Any of the inputs is NaN or infinity, i.e.

N/A

Table continues on the next page...

{Inf, -Inf, NaN, pmax,
nmax, -0, +0}
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Table 3-114. GMCLIB_Parkinv_FLT Worst-Case Error Bounds - fltArg2 Output (continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg2 (regardless the error
output [ulp] bounds) for fltArg2
output

AnglefltArgl, AnglefItArg2,
InfltArg]l, InfltArg?2
XNM=#Q

Any of the inputs is denormalized, neither is NaN or infinity, i.e. (-]nf, ]nf) N/A
(AnglefltArgl, AnglefltArg?2, )

InfltArg]l, InfltArg?2
XNDz,XNM=0Q

All inputs normalized or zero, results normalized or zero, i.e. (_1’ 1) N/A

f AnglefltArgl, AnglefItArg?2, \
( InfltArgl, InfltArg2 ]
XcNu{-0, +0},
( {iry ir,} €N U {-0, +0},

ref fltArg2=0Vv
(|ref fItArg2| -ULP(ref fltArg2) € D A
\ |ref fItArg2| + ULP(ref fltArg2) # Inf) /

All inputs zero, i.e. 0 N/A
(AnglefltArgl, AnglefltArg?2, ) ‘

| InfltArgl, InfltArg?2

Xc{-0, +0}
All inputs normalized or zero, fltArg2 output overflow, i.e. (_1’ 1) {sign(reffitArg2)eInf,
AnglefltArgl, AnglefItArg?2, ls\jiga(}reffltArgZ)-pmax,
a
InfltArg]l, InfltArg?2

XcNu{-0, +0},
|ref fltArg2| + ULP(ref fltArg2) = Inf

All inputs normalized or zero, fltArg2 output underflow or underflow (_224 224> {-0, +0}
in internal compensation calculation, i.e. ’

( (AnglefltArgl, AnglefitArg2, ) ‘ 1
InfltArg]l, InfltArg?2

( XCNuU{-0, +0}, )
0.5- (|ref fltArg2|-ULP(ref fltArg2) €D) A

\ ref fltArg2+0 J
All inputs normalized or zero, intermediate result overflow, i.e. N/A Arbitrary floating-point
value (including Inf, —Inf,
NaN)

Table continues on the next page...
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Table 3-114. GMCLIB_Parkinv_FLT Worst-Case Error Bounds - fltArg2 Output (continued)

Subset of input domain Worst-case error Allowed specific values
bounds for fltArg2 (regardless the error
output [ulp] bounds) for fltArg2
output

[ (AnglefltArgl, AnglefItArg2,
( InfltArgl, InfltArg?2 ) ‘
XcNu{-0, +0},

\|ir3| € {Inf, -Inf} V |ir,| € {Inf, -Inf}

All inputs normalized or zero, intermediate result underflow, i.e. (-]nf’ ]nf) N/A

[ (AnglefltArgl, AnglefItArg2,
( InfltArg], InfltArg2 )
XcNu{-0, +0},
\ irs€DVir,€D

3.37 Function GMCLIB_SvmStd_FLT

3.37.1 Declaration

tU32 GMCLIB_SvmStd FLT(SWLIBS 3Syst FLT *pOut, const SWLIBS 2Syst FLT *const pIn);

3.37.2 Arguments
Table 3-115. GMCLIB_SvmStd_FLT

arguments
Type Name Direction Description
SWLIBS_3Syst_FLT * |pOut input, Pointer to the structure containing calculated duty-cycle ratios
output of the 3-Phase system.
const pin input Pointer to the structure containing direct U  and quadrature U
SWLIBS_2Syst_FLT g components of the stator voltage vector.
*const

Automotive Math and Motor Control Library Set for NXP S32K14x devices, Rev. 3
NXP Semiconductors 139




A
Function GMCLIB_SvmStd_FLT

3.37.3 Worst-Case Error Bounds

Note: The allowed error bounds for the floating-point outputs of this function are
expressed in terms of allowed absolute error.

Let (fltArgl, fltArg2) € X be a vector of inputs to GMCLIB_SvmStd_FLT,
then
Table 3-116. GMCLIB_SvmStd_FLT Return Value

Subset of input domain Meaningful Return
Value

Any of the inputs is NaN, i.e. No
(fltArgl, fltArg2) € X |
fItArgl = NaN v
fItArg2 = NaN
Normalized, denormalized, or zero inputs, at least one input is outside the [-1, 1] interval, i.e. No
(fltArgl, fltArg2) €X |
XcNuDu {-0, +0},
| fltArgl| > 1V | fItArg2| >1
All inputs within the [-1, 1] interval, i.e. Yes
( fltArgl, fltArg2) € X |
XcNUDU {-0, +0},
| flitArgl| <1, | fltArg2| <1

Table 3-117. GMCLIB_SvmStd_FLT Worst-Case Error Bounds - Output fltArg1

Subset of input domain Worst-case absolute Allowed specific values
error for fltArg1 output (regardless the error
bounds) for fltArg1
output
Any of the inputs is NaN, i.e. Inf NaN

[tArgl, fltArg2) € X

g g
fItArgl = NaN v
fItArg2=NaN

Normalized, denormalized, or zero inputs, at least one input is Inf {NaN, Inf, -Inf}
outside the [-1, 1] interval, i.e.

(fltArgl, fltArg2) €X |
XcNuUDuU {-0, +0},
| fltArgl| > 1V | fItArg2| > 1

Table continues on the next page...
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Table 3-117. GMCLIB_SvmStd_FLT Worst-Case Error Bounds - Output fltArg1

(continued)

Subset of input domain

Worst-case absolute

error for fltArg1 output

Allowed specific values
(regardless the error
bounds) for fltArg1
output

All inputs within the [-1, 1] interval, i.e.
(fltArgl, fltArg2) € X |
XcNuDu {-0, +0},
| fltArgl| <1, | fltArg2| <1

2-19

N/A

Table 3-118. GMCLIB_SvmStd_FLT Worst-Case Error Bounds - Output fltArg2

Subset of input domain

Worst-case absolute
error for fltArg2 output

Allowed specific values
(regardless the error
bounds) for fltArg2
output

Any of the inputs is NaN, i.e.
(fltArgl, fltArg2) €X |
fltArgl=NaN v
fltArg2=NaN

Inf

NaN

Normalized, denormalized, or zero inputs, at least one input is
outside the [-1, 1] interval, i.e.

(fltArgl, fltArg2) €X |
XcNuUDU {-0, +0},
| fltArgl| > 1V | fItArg2| > 1

Inf

{NaN, Inf, -Inf}

All inputs within the [-1, 1] interval, i.e.
(fltArgl, fltArg2) € X |
XcNuDu {-0, +0},
| fltArgl| <1, | fltArg2| <1

2-19

N/A

Table 3-119. GMCLIB_SvmStd_FLT Worst-Case Error Bounds - Output fltArg3

Subset of input domain

Worst-case absolute
error for fltArg3 output

Allowed specific values
(regardless the error
bounds) for fltArg3
output

Any of the inputs is NaN, i.e.

Inf

Table continues on the next page...
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Table 3-119. GMCLIB_SvmStd_FLT Worst-Case Error Bounds - Output fltArg3
(continued)

Subset of input domain Worst-case absolute Allowed specific values
error for fltArg3 output (regardless the error
bounds) for fltArg3
output

[tArgl, fltArg2) € X

g g
fltArgl=NaN v
fItArg2 = NaN

Normalized, denormalized, or zero inputs, at least one input is Inf {NaN, Inf, -Inf}
outside the [-1, 1] interval, i.e.

( fltArgl, fltArg2) €X |
XcNuDu {-0, +0},
| fltArgl| > 1V | fltArg2| >1
All inputs within the [-1, 1] interval, i.e. 219 N/A
( fltArgl, fltArg2) €X |
XcNuDu {-0, +0},
| fltArgl| <1, | fltArg2| <1

3.38 Function MLIB_Abs FLT

3.38.1 Declaration

INLINEtFloat MLIB Abs FLT(register tFloat fltIn);

3.38.2 Arguments
Table 3-120. MLIB_Abs_FLT arguments

Type Name Direction Description

register tFloat fltin input Input value.

3.38.3 Worst-Case Error Bounds
Let fltIn € X be an input to MLIB_Abs_FLT,
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Table 3-121. MLIB_Abs_FLT Worst-Case Error Bounds - Return Value

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
Input infinity, i.e. N/A {Inf, pmax}
{fltine X | fltIne {Inf, -Inf}}
Input NaN, i.e. N/A {NaN, pmax}
{fltIne X | fltIn=NaN}
Denormalized input, i.e. 0 0
{fltiIneX | XD}
Normalized input, i.e. 0 N/A
{fltlIneX | Xc N}
Zero input, i.e. 0 {-0, +0}
{fltlneX | fltIn=0}

3.39 Function MLIB_Add FLT

3.39.1 Declaration

INLINEtFloat MLIB_Add FLT(register tFloat fltInl, register tFloat fltIn2);

3.39.2 Arguments

Table 3-122. MLIB_Add_FLT arguments

Type Name Direction Description
register tFloat fltin1 input First value to be add.
register tFloat fltin2 input Second value to be add.

3.39.3 Worst-Case Error Bounds

Let (fltInl, fltIn2) € X be a vector of inputs to MLIB_Add_FLT,

refResult be the theoretical exact result,
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then

Table 3-123. MLIB_Add_FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

Both inputs infinity, i.e. N/A {Inf, -Inf, NaN, pmax,
fltin, fltin,€ X | fltIn € {Inf, -Inf?}, nmax}
fltin, € {Inf, -Inf}
fltin1 arbitrary value, fltiIn2 NaN, i.e. N/A {NaN, pmax, nmax}
{fltin, fltin € X | ftin,= NaN}
fltin1 infinity, fltIn2 normalized, denormalized, or zero, i.e. N/A {§ign(fltln1)-Inf,
fltin,, fltin € X | fltIn € {Inf, -Inf}, sign(fitin)+pmax}
fltin,e NUDU {-0, +0}
fltin1 NaN, fltin2 arbitrary value, i.e. N/A {NaN, pmax, nmax}
{fltin, fltIn € X|fItIn = NaN}
fltin1 normalized, denormalized, or zero, fltIn2 infinity, i.e. N/A {§ign(fltln2)-lnf,
fltlnl, fItInz ex | sign(fltin2)spmax}
fltIn € NUDU {-0, +0},
fltin, € {Inf, -Inf}
Both inputs denormalized, i.e. (-0.5,0.5) {-0, +0}
{fltin, fltin € X | X c D}
fltin1 denormalized, fitin2 zero, i.e. (_()_5’ 0.5> {-0, +0}
{fltin, fltin € X | fltIn €D, fltin,= 0}
fltin1 denormalized, fltin2 normalized, i.e. (_ ( 224 _ 1) 224 _ 1) N/A
fltin,, fltin € X | fltIn €D,
fltIn,eN
fltin1 zero, fltin2 denormalized, i.e. (_()_5, 0_5) {-0, +0}
{fltin, fitin € X|fltin =0, fltin,€ D}
Both inputs zero, i.e. 0 N/A
{fltin, fltin € X | fltin =0, fltin,= 0}
fltin1 zero, fltin2 normalized, i.e. 0 N/A
fltin, fltin,€ X | fltin =0,
fIt] n,eN
fltin1 normalized, fltiIn2 denormalized, i.e. N/A

Table continues on the next page...
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Table 3-123. MLIB_Add_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)

fltin, fltn € X | (-(2%%-1), 2%-1)
fltin €N, fltin,€ D

fltin1 normalized, fltIn2 zero, i.e. 0 N/A
fltin, fltn €X |
fltin €N, fltIn,=0

Both inputs normalized, result normalized or zero, i.e. (-0.5,0.5) N/A
fltin, fltin,€ X | XN,
refResult =0V
|refResult|-0.5-ULP(refResult) € D A
( |ref Result| +0.5- ULP( refResult) # Inf)

Both inputs normalized, result overflow, i.e. (_()_5, ()_5) {sign(refResult)Inf,

{ fltInl, fltInZEX | XCN, } sign(refResult)spmax}
|refResult| +0.5- ULP( refResult) = Inf

Both inputs normalized, result underflow, i.e. (_()_5, 0_5) {-0, +0}

fltin,, fltin €X | XN,

|refResult|-0.5- ULP(refResult) € D A
refResult # 0

3.40 Function MLIB_Convert F32FLT

3.40.1 Declaration

INLINEtFrac32 MLIB Convert F32FLT (register tFloat fltInl, register tFloat f1ltIn2);
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3.40.2 Arguments
Table 3-124. MLIB_Convert_F32FLT arguments

Type Name Direction Description
register tFloat fltin1 input Input value in single precision floating point format to be
converted.
register tFloat fltin2 input Scale factor in single precision floating point format.

3.40.3 Worst-Case Error Bounds

This function returns a fixed-point result as specified in the Automotive Math and Motor
Control Library Set for NXP S32K14x devices User's Guide. If any of the inputs is a
NaN or infinity, then the function returns an arbitrary value.

3.41 Function MLIB_Convert F16FLT

3.41.1 Declaration

INLINEtFraclé MLIB Convert F16FLT (register tFloat fltInl, register tFloat fltIn2);

3.41.2 Arguments
Table 3-125. MLIB_Convert_F16FLT arguments

Type Name Direction Description
register tFloat fltin1 input Input value in single precision floating point format to be
converted.
register tFloat fltin2 input Scale factor in single precision floating point format.

3.41.3 Worst-Case Error Bounds

This function returns a fixed-point result as specified in the Automotive Math and Motor
Control Library Set for NXP S32K14x devices User's Guide. If any of the inputs is a
NaN or infinity, then the function returns an arbitrary value.
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3.42 Function MLIB_Convert FLTF16

3.42.1 Declaration

INLINEtFloat MLIB Convert FLTF16 (register tFraclé f16Inl, register tFraclé £16In2);

3.42.2 Arguments
Table 3-126. MLIB_Convert_FLTF16 arguments

Type Name Direction Description
register tFrac16 f16In1 input Input value in 16-bit fractional format to be converted.
register tFrac16 f16In2 input Scale factor in 16-bit fractional format.

3.42.3 Worst-Case Error Bounds

This function returns a result with worst-case error bounds of (-1536,1536) ylp. The
result is always a normalized value or zero.

3.43 Function MLIB_Convert FLTF32

3.43.1 Declaration

INLINEtFloat MLIB Convert FLTF32(register tFrac32 £32Inl, register tFrac32 £32In2);

3.43.2 Arguments
Table 3-127. MLIB_Convert_FLTF32 arguments

Type Name Direction Description
register tFrac32 f32In1 input Input value in 32-bit fractional format to be converted.
register tFrac32 f32In2 input Scale factor in 32-bit fractional format.
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3.43.3 Worst-Case Error Bounds

This function returns a result with worst-case error bounds of (-1536,1536) ylp. The
result is always a normalized value or zero.

3.44 Function MLIB_ConvertPU F32FLT

3.44.1 Declaration

INLINEtFrac32 MLIB ConvertPU F32FLT (register tFloat £fltIn);

3.44.2 Arguments
Table 3-128. MLIB_ConvertPU_F32FLT arguments

Type Name Direction Description

register tFloat fltin input Input value in single precision floating point format to be
converted.

3.44.3 Worst-Case Error Bounds

This function returns a fixed-point result as specified in the Automotive Math and Motor
Control Library Set for NXP S32K14x devices User's Guide. If any of the inputs is a
NaN or infinity, then the function returns an arbitrary value.

3.45 Function MLIB_ConvertPU F16FLT

3.45.1 Declaration

INLINEtFracleé MLIB ConvertPU F16FLT (register tFloat £fltIn);
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3.45.2 Arguments
Table 3-129. MLIB_ConvertPU_F16FLT arguments

Type

Name

Direction

Description

register tFloat

fltin

input

Input value in single precision floating point format to be
converted.

3.45.3 Worst-Case Error Bounds

This function returns a fixed-point result as specified in the Automotive Math and Motor
Control Library Set for NXP S32K14x devices User's Guide. If any of the inputs is a
NaN or infinity, then the function returns an arbitrary value.

3.46 Function MLIB_ConvertPU FLTF16

3.46.1 Declaration

INLINEtFloat MLIB_ ConvertPU FLTF16 (register tFraclé £fl6In);

3.46.2 Arguments
Table 3-130. MLIB_ConvertPU_FLTF16 arguments

Type

Name

Direction

Description

register tFrac16

f16In

input

Input value in 16-bit fractional format to be converted.

3.46.3 Worst-Case Error Bounds

This function returns a result with worst-case error bounds of (-1536,1536) ylp. The
result is always a normalized value or zero.
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3.47 Function MLIB_ConvertPU FLTF32

3.47.1 Declaration

INLINEtFloat MLIB ConvertPU FLTF32(register tFrac32 £32In);

3.47.2 Arguments
Table 3-131. MLIB_ConvertPU_FLTF32 arguments

Type Name Direction Description

register tFrac32 f32In input Input value in 32-bit fractional format to be converted.

3.47.3 Worst-Case Error Bounds

This function returns a result with worst-case error bounds of (-1536,1536) ylp. The
result is always a normalized value or zero.

3.48 Function MLIB_Div_FLT

3.48.1 Declaration

INLINEtFloat MLIB Div FLT(register tFloat fltInl, register tFloat fltIn2);

3.48.2 Arguments
Table 3-132. MLIB_Div_FLT arguments

Type Name Direction Description
register tFloat fltin1 input Numerator of division.
register tFloat fltin2 input Denominator of division.
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3.48.3 Worst-Case Error Bounds
Let (fltInl, fltIn2) € X be a vector of inputs to MLIB_Div_FLT,

refResult be the theoretical exact result,

then
Table 3-133. MLIB_Div_FLT Worst-Case Error Bounds - Return Value
Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
Both inputs infinity, i.e. N/A {NaN, 0, -0}

fltin,, fltin € X | fltin € {Inf, -Inf},
fltin, € {Inf, -Inf}

fltin1 infinity, fltIn2 NaN, i.e. N/A {NaN, 0, -0}
fltin, fltin €X |
fltin € {Inf, -Inf}, fltIn,= NaN
fltin1 infinity, fltin2 NaN, i.e. N/A {Inf, pmax} if sign(fitin1) =
_ sign(fltin2), {-Inf, nmax} if
fltin, fitin, € X | f ltin € {Inf, -Inf}, sign(fitin1) = sign(fitin2)
fltin,€ D
fltin1 infinity, fltin2 zero, i.e. N/A {Inf, pmax} if sign(fitin1) =
_ sign(fltin2), {-Inf, nmax} if
fltin, fitin, € X | f ltin € {Inf, -Inf}, sign(fitin1) = sign(fitin2)
fltin,=0
fltin1 infinity, fltin2 normalized, i.e. N/A {Inf, pmax} if sign(fitin1) =
_ sign(fitin2), {-Inf, nmax} if
fltin, fitin, € X | f ltin € {Inf, -Inf}, sign(fitin1) = sign(fitin2)
fltin,eN
fltin1 NaN, fltin2 infinity, i.e. N/A {NaN, 0, -0}

fltin,, fltin € X | fltIn = NaN,
fltin € {Inf, -Inf}

Both inputs NaN, i.e. N/A {NaN, 0, -0}
{fltin, fltin € X | ftIn = NaN, fltin,= NaN}

fitin1 NaN, fltin2 denormalized, i.e. N/A {NaN, pmax, nmax}
{fltin, fltin € X | fltIn = NaN, fltIn € D}

fltin1 NaN, fltin2 zero, i.e. N/A {NaN, pmax, nmax}
{fltin, fltin € X | ftin = NaN, fltin =0}

Table continues on the next page...
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Table 3-133. MLIB_Div_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

fltin1 NaN, fltIn2 normalized, i.e. N/A {NaN, pmax, nmax}
{fltin, fltin € X | fltin = NaN, fltIn € N}
fltin1 denormalized, fltIn2 infinity, i.e. 0 N/A
fltin,, fltin € X | fltIn €D,
fltlnze {Inf, -Inf}
fitin1 denormalized, fltIn2 NaN, i.e. N/A {NaN, 0, -0}
fltin,, fltin € X | fltIn €D,
flt] n,= NaN
Both inputs denormalized, i.e. (_()_5, 0.5> NaN or (pmax if
sign(fitinT) = sign(fltin2),
{fltlnl’ fltlnz €X | Xc D} nmax if sign(fitin) =
sign(fitin2))
fltin1 denormalized, fltin2 zero, i.e. N/A {Inf, pmax} if sign(fitin1) =
_ sign(fltin2), {-Inf, nmax} if
{fltlnl’ flt]nz €X | fltlnl €D, flt]nz B 0} sign(fitin7) = sign(fltin2)
fltin1 denormalized, fltIn2 normalized, i.e. (_()_5, ()_5) +0 if sign(fitin1) =
sign(fltin2), -0 if sign(fitinT)
fltin,, fltin € X | fltIn €D, N
fltIn,eN
fltin1 zero, fltIin2 infinity, i.e. 0 N/A
fltin,, fltin € X | fltIn =0,
fltin € {Inf, -Inf}
fltin1 zero, fltin2 NaN, i.e. N/A {NaN, 0, -0}
{fltin, fltin € X | fltin =0, fltIn,= NaN}
fltin1 zero, fltin2 denormalized, i.e. 0 pmax if sign(fitin1) =
_ sign(fitin2), nmax if
{fltlnl' fltlnz €X | fltlnl =0, fltlnz € D} sign(fitin1) = sign(fltin2)
Both inputs zero, i.e. N/A {NaN, pmax, nmax}
{fltin, fltin € X | fltin =0, fltin,= 0}
fltin1 zero, fltin2 normalized, i.e. 0 N/A
{fltin, fltin € X | fltIn =0, fltin € N}
fltin1 normalized, fltin2 infinity, i.e. 0 N/A
fltin,, fltin € X | fltIn €N,
fltInZE {Inf, -Inf}
fitin1 normalized, fltiIn2 NaN, i.e. N/A {NaN, 0, -0}

Table continues on the next page...
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Table 3-133. MLIB_Div_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
{fltin, fltin € X | fltin €N, fltin,= NaN}
fltin1 normalized, fltin2 denormalized, i.e. (_0_5’ 0_5) {Inf, pmax} if sign(fitin1) =
sign(fitin2), {-Inf, nmax} if
{fltlnl' fltlnz €X | fltlnl €N, flt[nz € D} sign(fitin1) = sign(fltin2)
fltin1 normalized, fltin2 zero, i.e. N/A {Inf, pmax} if sign(fltin1) =
— sign(fltin2), {-Inf, nmax} if
{fltlnl’ flt]nz €Xx | flt]nl €N, fltlnz - 0} sign(fltin1) = sign(fitin2)
Both inputs normalized, normalized result, i.e. (-0.5,0.5) N/A
fltin, fltin,€X | XN,
|refResult|-0.5-ULP(refResult) € D A
|ref Result| +0.5- ULP( refResult) # Inf
Both inputs normalized, result overflow, i.e. (_()_5, ()_5) {Inf, pmax} if sign(fitin1) =
sign(fltin2), {-Inf, nmax} if
{ fltin, fltin,€ X | XN, } sign(fitinT) = sign(fitin2)
|ref Result| +0.5- ULP( refResult) = Inf
Both inputs normalized, result underflow, i.e. (_()_5, 0_5) +0 if sign(fitin1) =
fltin, fltin,€X | XN, jgsggf(;;;,?g’z;o it sign(fitin1)
|refResult|-0.5- ULP(refResult) € D A
refResult # 0

3.49 Function MLIB Mac FLT

3.49.1 Declaration

INLINEtFloat MLIB Mac FLT(register tFloat fltInl,

£f1tIn3) ;

3.49.2 Arguments

register tFloat fltIn2, register tFloat

Table 3-134. MLIB_Mac_FLT arguments

Type Name Direction

Description

register tFloat fltin1 input

Input value to be add.

Table continues on the next page...
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Table 3-134. MLIB_Mac_FLT arguments

(continued)
Type Name Direction Description
register tFloat fltin2 input First value to be multiplied.
register tFloat fltin3 input Second value to be multiplied.

3.49.3 Worst-Case Error Bounds

Let (fltinl, fltIn2, fltIn3) € X be a vector of inputs to MLIB_Mac_FLT,

mr = fltin,- flt1n3’

refResult be the theoretical exact result,

then

Table 3-135. MLIB _Mac FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

{fltin, fltin, fltin,€ X | fltIn = NaN}

All inputs infinity, i.e. N/A {Inf, pmaxy} if
(sign(fltin2)=sign(fitin3)
{fltin, fltin, fltin € X | X  {Inf, -Inf}} Tt 2 0) o
(sign(fitin2)=sign(fltin3)
and fltin1 < 0), {-Inf, nmax}
otherwise
fltin1 zero or denormalized, fltin2 and fltin3 infinity, i.e. N/A {Inf, pmax} if
_ sign(fltin2)=sign(fltin3), {-
fltin,, fltin, fltin,€ X | fltin € D\/ fltin =0, e omioe
fltin, € {Inf, -Inf}, fltIn, € {Inf, -Inf}
fltIn1 normalized, fltin2 and fitin3 infinity, i.e. (-]nf’ ]nf) Inf if
fltin,, fltin, fltin € X | Son(ftinZ)=sign(ftin3). -nf
fltIn LEN,
fltInZE {Inf, -Inf}, fltIn3 € {Inf, -Inf}
fltin1 NaN, i.e. (-]nf’ Il’lf) NaN
{fltin, fltin,, fltin € X | fltIn = NaN}
fltIn2 NaN, i.e. (-]nf’ ]nf) NaN
{fltin, fltin, fltin,€ X | fltIn = NaN}
fltin3 NaN, i.e. (-]nf, ]nf) NaN

Table continues on the next page...
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Table 3-135. MLIB_Mac_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

fltin2 zero, fltIn3 infinity, i.e.

fltin, fltin, fltin € X |
fltin,= 0, fitin, € {Inf, -Inf}

(-Inf, Inf)

{NaN, 0, -0}

fltin2 infinity, fltIn3 zero, i.e.

fltin, fltIn, fltin € X |
fltin, € {Inf, -Inf}, fitIn,= 0

(-Inf, Inf)

{NaN, 0, -0}

fltin1 infinity, fltIn2 denormalized, fltIn3 infinity, i.e.
[ fltIn, fltin,, fltin €X |

{ flt1n1€ {Inf, -Inf},
\fItInZED, fltln3E {Inf, -Inf}

N/A

{NaN, Inf, -Inf, 0, -0, pmax,
nmax}

fltin1 zero, fltin2 denormalized, fltIn3 infinity, i.e.

(fltin,, fltin, fltin € X |
{ fltin =0, fitIn,€D,
\ fltIn,€ {Inf, -Inf}

N/A

{NaN, Inf, -Inf, 0, -0}

fltin1 denormalized, fltin2 denormalized, fltIn3 infinity, i.e.

(fltin, fltin,, fltIn € X |
{ fItIn1 €D, fItIn2 €D,

\ fltin € {Inf, -Inf}

N/A

{NaN, Inf, -Inf, 0, -0}

fltin1 normalized, fltin2 denormalized, fltIn3 infinity, i.e.

[ fltIn, fltin,, fltin €X |
{ fltInleN,
\fItInZED, fItInBE {Inf, -Inf}

(-Inf, Inf)

{NaN, Inf, -Inf}

fltin1 infinity, fltIn2 normalized, fltIn3 infinity, i.e.
[ fltin, fltin,, fltIn € X |

fltin € {Inf, -Inf},
fltIn, €N, }
\ fltin,€ {Inf, -Inf} |

(-Inf, Inf)

{NaN, Inf, -Inf}

fltin1 zero, fltin2 normalized, fltin3 infinity, i.e.

N/A

Table continues on the next page...
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Table 3-135. MLIB_Mac_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

[ fltin, fltin,, fltin € X |
fItIn1= 0,
fltIn, €N,
\ fltin,€ {Inf, -Inf} |

fltin1 denormalized, fltIn2 normalized, fltIn3 infinity, i.e. N/A
[ fltin, fltin,, fltIn € X |

fltIn €D,
fltin, €N,

\ fltin,€ {Inf, -Inf} |

{Inf, pmax} if
sign(fltin2)=sign(fltin3), {-
Inf, nmax} otherwise

fltin1 normalized, flitin2 normalized, fltin3 infinity, i.e. (-]nf, ]nf)
(fltin,, fltin, fltin € X |

{ fltIn €N, fltIn,eN,
N flt1n3€{1nf,-lnf} ‘

Inf if
sign(fltin2)=sign(fltin3), -Inf
otherwise

fltin1 infinity, fltin2 zero, fltin3 zero, i.e. N/A
(fltin, fltin,, fltIn € X |

{ fltin € {Inf, -Inf},
fltin,=0, fitin,= 0

\ /

{sign(fitin1)eInf,
sign(fitin1)spmax}

All inputs zero, i.e. 0

fltin, fltIn, fltin € X |
fltin =0, fitIn, =0, flt1n3= 0

{-0, +0}

fltin1 denormalized, fltIn2 zero, fltin3 zero, i.e. 0

(fltin, fltin,, fltin € X |
{ fltin €D, )
fItIn2 =0, fltIn3 =0

\ /

{-0, +0}

fltin1 normalized, fltin2 zero, fltin3 zero, i.e. 0

(fltin,, fltin, fltin € X |
{ fltln1 EN, )
fItIn2 =0, fltIn3 =0

\ /

N/A

Table continues on the next page...
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Table 3-135. MLIB_Mac_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
fltin1 infinity, fltin2 denormalized, fltin3 zero, i.e. N/A {sign(fitinT)eInf,
f ) sign(fltin1)spmax}
fltin,, fltin, fltin € X |

{ fltin € {Inf, -Inf}, )
fltInZED, flt1n3=0

fltin1 zero, fltln2 denormalized, fltin3 zero, i.e. 0 {-0, +0}
(fltin,, fltin, fltin, € X |

{ fltin =0, }
fltin, €D, fltIn,=0

\ /

\ /

fitin1 denormalized, fltIn2 denormalized, fltin3 zero, i.e. 0 {-0, +0}
(fltin, fltin,, fltIn € X |
{ fltin €D, }
fltIn, €D, fltIn,=0

\ /

fltin1 normalized, fltin2 denormalized, fltIn3 zero, i.e. 0 N/A
(fltin,, fltin, fltin € X |
{ fltin €N, }
fltIn2 €D, flt]n3 =0

\ /

fltin1 infinity, fltIn2 normalized, fltIn3 zero, i.e. 0 {sign(fitin1)eInf,
P ) sign(fitin1)spmax}
fltin, fltin,, fltIn € X |

fltlnle {Inf, -Inf},
fItInZEN,
\ flt1n3=0 )

fltin1 zero, fltin2 normalized, fltin3 zero, i.e. 0 N/A
[ fltin, fltin,, fltin € X |

fItIn1= 0,
fltIn, €N,
\ flt1n3=0 )

fltin1 denormalized, fltin2 normalized, fltIn3 zero, i.e. 0 {-0, +0}

Table continues on the next page...
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Table 3-135. MLIB_Mac_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

[ fltin, fltin,, fltin € X |
fltin L€ D,
fltIn, €N,

i fltin =0 )

fltin1 normalized, fltin2 normalized,

[ fltin, fltin,, fltIn € X |
fltIn €N,
fltin, €N,
i fltin,=0 )

fltin3 zero, i.e.

N/A

fltin1 infinity, flitIn2 infinity, fitiIn3 den
[ fltin, fltin,, fltin € X |

fltin € {Inf, -Inf},

fltin, € {Inf, -Inf},
\ fltin,€ D )

ormalized, i.e.

N/A

{NaN, Inf, -Inf, pmax,
nmax}

fltin1 zero, fltIn2 infinity, fitin3 denori
[ fltin, fltin,, fltin € X |

fltIn =0,

fltin, € {Inf, -Inf},
\ fltin,e D )

malized, i.e.

N/A

{NaN, Inf, -Inf, O, -0}

fltin1 denormalized, fltIn2 infinity, fltin3 denormalized, i.e.

[ fltin, fltin,, fltIn € X |
fltIn €D,
fltin, € {Inf, -Inf},

\ fltin,€ D )

N/A

{NaN, Inf, -Inf, O, -0}

fltin1 normalized, fltin2 infinity, fltin3 denormalized, i.e.

(-Inf, Inf)

Table continues on the next page...

{NaN, Inf, -Inf, O, -0}
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Table 3-135. MLIB_Mac_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)

[ fltin, fltin,, fltin € X |
fltin L€ N,

fltin € {Inf, -Inf},
\ fltin,e D )

fltin1 infinity, fltIn2 zero, fltiIn3 denormalized, i.e. N/A {sign(fitin1)eInf,
f ) sign(fltin1)epmax}
fltin, fltin, fltin € X |

{ fleIn € {Inf, -Inf}, )
fltin, =0, fltln3€D

\ /

fltin1 zero, fltin2 zero, fltiIn3 denormalized, i.e. 0 N/A
[ fltin, fltin,, fltIn € X |

{ fItIn1= 0, )
fltin,= 0, fitin,€ D

\ /

fltin1 denormalized, fltin2 zero, fltin3 denormalized, i.e. 0 {-0, +0}

fltin,, fltin, fltin € X | fltin €D,
fltin, =0, flt1n3 €D

fltin1 normalized, fltin2 zero, fltin3 denormalized, i.e. 0 N/A

fltin,, fltin, fltin € X | fltin €N,
fltin, =0, flttln3 €D

fltin1 infinity, fltin2 denormalized, fltin3 denormalized, i.e. N/A {sign(fitin1)eInf,
sign(fitin1)spmax}
fltin, fltin,, fltIn € X |

fltlnle {Inf, -Inf},
fItIn2= €D, fItInBED

fltin1 zero, fltin2 denormalized, fltin3 denormalized, i.e. 0 N/A
fltin,, fltIn, fltin,€ X | fltin =0,
fltin €D, fltIn,€ D
All inputs denormalized, i.e. 0 {-0, +0}

{fltin, fltin, fltin,€ X | XD, }

fltin1 normalized, fltIn2 and fltIn3 denormalized, i.e. 0 N/A

Table continues on the next page...
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Table 3-135. MLIB_Mac_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

fltin, fltin,, fltin € X | fltIn €N,
fltIn, €D, fitIn,€ D

fltin1 infinity, fltin2 normalized, fltIn3 denormalized, i.e.

fltin, fltin, fltin € X |

fltin € {Inf, -Inf},
fltIn €N, fltlngeD

N/A

{sign(ftin1)eInf,
sign(fitin1)spmax}

fitin1 zero, fltin2 normalized, fltin3 denormalized, i.e.

fltin, fltin,, fltIn € X | fltin =0,
fItIn2 EN, fItIn3 €D

(0.5, 0.5)

{-0, +0}

fltin, fltin,, fltin € X | fltin €D,
fItInz EN, fltIn3 €D

fitin1 denormalized, fltIn2 normalized, fltIn3 denormalized, i.e.

(0.5, 0.5)

{-0, +0}

fltin1 normalized, fltiIn2 normalized, fltIn3 denormalized, i.e.

fltin, fltin,, fltin € X | fltIn €N,
fItIn2 EN, fltIn3 €D

(-Inf, Inf)

N/A

fltin1 infinity, fltin2 infinity, flt/In3 normalized, i.e.
[ fltin, fltin, fltin € X |

{ fltIn € {Inf, -Inf}, )
\fltIn, € {Inf, -Inf}, fltIn,€N

N/A

{NaN, Inf, -Inf, 0, -0, pmax,
nmax}

fltin1 zero, fltin2 infinity, flt/In3 normalized, i.e.

[ fltIn,, fltin, fltin.€X |
{ flt1n1= 0, )
\fltin, € {Inf, -Inf}, fitIn,€N

N/A

{Inf, -Inf, pmax, nmax}

fltin1 denormalized, fltin2 infinity, flt/In3 normalized, i.e.

fltin, fltin, fltin € X | fltin €D,
fltin, € {Inf, -Inf}, fltIn, € N

N/A

{Inf, -Inf, pmax, nmax}

fltin1 normalized, fltin2 infinity, fltin3 normalized, i.e.

fltin,, fltIn, fltin € X | fltin €N,
fltin, € {Inf, -Inf}, fltIn,€N

(-Inf, Inf)

{Inf, -Inf}

Table continues on the next page...
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Table 3-135. MLIB_Mac_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
fltin1 infinity, fltin2 zero, fltiIn3 normalized, i.e. N/A {sign(fitinT)eInf,
sign(fltin1)spmax}
fltin,, fltin, fltin € X |

fltin € {Inf, -Inf},
fltIn2 =0, fltIn3 EN
fltin1 zero, fltin2 zero, fltiIn3 normalized, i.e. 0 N/A
fltin, fltin,, fltIn € X | fltin =0,
fltIn,=0, fltin,€N

fltin1 denormalized, fltIn2 zero, fltiIn3 normalized, i.e. 0 {-0, +0}

fltin, fltin,, fltin € X | fltIn €D,
fltIn,=0, fltin,€N

fltin1 normalized, fltIn2 zero, fltiIn3 normalized, i.e. 0 N/A

fltin, fltin,, fltin € X | fltin €N,
fltIn,=0, fltin,€N

fltin1 infinity, fltIn2 denormalized, fltIn3 normalized, i.e. (-]nf’ ]nf) {sign(fitin1)elnf,
fltin, fltin,, fltin € X | fltIn €N, sign(fitint)spmax
fltin, €D, fltIn,€ N
fltin1 zero, fltin2 denormalized, fltin3 normalized, i.e. (_()_5, 0_5) {-0, +0}
fltin, fltin,, fltIn € X | fltin =0,
fltin, €D, fltIn,e N
fltin1 denormalized, fltIn2 denormalized, f/tin3 normalized, i.e. (-()_5, 0_5) {-0, +0}
fltin, fltn,, fltin € X | fltIn €D,
fltin €D, fltin,e N
fltin1 normalized, fltin2 denormalized, fltin3 normalized, i.e. (-]nf, Il’lf) N/A
fltin, fltin,, fltin € X | fltin €N,
fltin, €D, fltIn,€ N
fltin1 infinity, fltIn2 normalized, fltin3 normalized, i.e. N/A {sign(fitin1)eInf,
fltin,, fltin, fltin € X | sign(fitint)spmax
fltin € {Inf, -Inf},
fltin, €N, fltIn3 EN
fltin1 zero, fltiIn2 normalized, fltin3 normalized, i.e. N/A

Table continues on the next page...
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Table 3-135. MLIB_Mac_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

(fltin,, fltin, fltin € X |
< fltin =0, }
fltin, €N, fltIn3 EN

\ /

(-0.5,0.5)

fitin1 denormalized, fltin2 normalized, fltIn3 normalized, i.e.

(fltin, fltin,, fltIn € X |
{ fltIn €D, )
fltin €N, fltin,€ N

\ /

(_[224_ 1)’ 224_ 1)

N/A

fitin1 finite, fltin2 and fltIn3 normalized or denormalized, normalized
or zero result and intermediate result i.e.

[ fltIn, fltin,, fltin € X | fltin ¢M,
fltin,€ NUD, fltIn, e NUD
refResult =0V
|refResult|-0.5-ULP(refResult) € D A
( |ref Result| +0.5- ULP(refResult) # Inf )’
\ mrc NuU {-0, +0} /

(-0.5,0.5)

N/A

fitin1 finite, fltin2 and fltIn3 normalized or denormalized, result
underflow i.e.

fltin, fltIn, fltin € X | fltn &M
fltin € NUD, fltIn,€ NUD,

|refResult|-0.5- ULP(refResult) € D A
ref Result # 0,

(-0.5, 0.5)

{-0, +0}

fitin1 finite, fltin2 and fltIn3 normalized or denormalized, result
overflow i.e.

fltin, fltin,, fltin € X | fltin ¢ M
fltIn,e NUD, fltin,e NUD,
|refResult| +0.5- ULP(refResult) e M

(0.5, 0.5)

{sign(refResult)eInf,
sign(refResult)spmax}

fitin1 finite, fltin2 and fltIn3 normalized or denormalized, intermediate
result underflow i.e.

fltin,, fltIn, fltin, € X | fltin &M
fltin,€ NUD, fltIn,€ NUD,
mreD

(-Inf, Inf)

N/A

Table continues on the next page...
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Table 3-135. MLIB_Mac_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
fltin1 finite, fitin2 and fltIn3 normalized or denormalized, intermediate (-]nf’ ]nf) {Inf, -Inf}

result overflow i.e.

fltin,, fltIn, fltin, € X | fltin &M
fltin,€ NUD, fltIn,e NUD,
mreM

3.50 Function MLIB_Mnac_ FLT

3.50.1 Declaration

INLINEtFloat MLIB Mnac FLT (register tFloat fltInl, register tFloat fltIn2, register tFloat
£f1tIn3);

3.50.2 Arguments
Table 3-136. MLIB_Mnac_FLT arguments

Type Name Direction Description
register tFloat fltin1 input Input value to be subtracted.
register tFloat fltin2 input First value to be multiplied.
register tFloat fltin3 input Second value to be multiplied.

3.50.3 Worst-Case Error Bounds
Let (fltinl, fltIn2, fltIn3) € X be a vector of inputs to MLIB_Mnac_FLT,
mr = fltin - fltin,

refResult be the theoretical exact result,

then
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Table 3-137. MLIB_Mnac_FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

Table continues on the next page...

All inputs infinity, i.e. N/A {Inf, pmax, -Inf, nmax }
{fltin, fltin, fltin,€ X | X < {Inf, -Inf}}
fltin1 zero or denormalized, fltin2 and fltin3 infinity, i.e. N/A {Inf, pmaxy} if
_ sign(fltin2)=sign(fltin3), {-
fltin,, fltin, fltin € X | fltin € D\/ fltin =0, e oo
fltInZE {Inf, -Inf}, flt1n3E {Inf, -Inf}
fltin1 normalized, fltin2 and fitin3 infinity, i.e. (-]nf, ]nf) Inf if
sign(fltin2)=sign(fltin3), -Inf
fltin, fltin,, fltIn € X | Sin(fitin2
fltin L€ N,
fltin € {Inf, -Inf}, fltin, € {Inf, -Inf }
fltin1 NaN, i.e. (-]nf’ ]nf) NaN
{fltIn, fltin, fltin,€ X | fltIn = NaN}
fitin2 NaN, i.e. (-Inf, Inf) NaN
{fltin, fltin, fltin,€ X | fltin = NaN}
fitin3 NaN, i.e. (-Inf, Inf) NaN
{fltin, fltIn,, fltin € X | fltIn = NaN}
fltin2 zero, fitin3 infinity, i.e. (-]nf’ ]nf) {NaN, 0, -0}
fltin, fltin, fltin € X |
fltin,= 0, fltin, € {Inf, -Inf}
fltin2 infinity, fltin3 zero, i.e. (-]nf’ ]nf) {NaN, 0, -0}
fltin, fltin, fltin € X |
fltin, € {Inf, -Inf}, fltIn3 =0
fltin1 infinity, fltIn2 denormalized, fltIn3 infinity, i.e. N/A {NaN, Inf, -Inf, 0, -0, pmax,
[ fltIn,, fltn,, fltin € X | nmax}
{ fltlnle {Inf, -Inf},
\fltlnze D, fItInSE {Inf, -Inf}
fltin1 zero, fltin2 denormalized, fitIin3 infinity, i.e. N/A {NaN, Inf, -Inf, 0, -0}
(fltin,, fltin, fltin € X |
{ fltIn =0, fitIn,€D,
N flt1n3€ {Inf, -Inf}
fltin1 denormalized, fltin2 denormalized, fltIn3 infinity, i.e. N/A {NaN, Inf, -Inf, 0, -0}
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Table 3-137. MLIB_Mnac_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

(fltin,, fltin, fltin € X |
{ fltin €D, fltin,€D,
N f1t1n3e {Inf, -Inf}

fltin1 normalized, fltin2 denormalized, fltin3 infinity, i.e. (-]nf’ ]nf) {NaN, Inf, -Inf}
[ fltIn,, fltIn,, fltin €X |
{ fltin L€ N,
\fltIn, €D, fitin, € {Inf, -Inf }
fltin1 infinity, fltIn2 normalized, fltIn3 infinity, i.e. (-]nf’ ]nf) {NaN, Inf, -Inf}
[ fltin,, fltin, fltin € X |
fltin € {Inf, -Inf}, }
fltin, €N,
\ fltIn3E {Inf, -Inf} ]
fltin1 zero, fltin2 normalized, fltin3 infinity, i.e. N/A {Inf, pmax} if
f \ sign(fltin2)=sign(fltin3), {-
flt]nf fltlnz’ fltlngex | Inf, nmax} otherwise
fltIn =0, |
fltin, €N,
\ fItIn3E {Inf, -Inf} ]
fltin1 denormalized, fltIn2 normalized, fltIn3 infinity, i.e. N/A {Inf, pmax} if
f \ sign(fltin2)=sign(fltin3), {-
flt]nf fltlnz’ fltlngeX | Inf, nmax} otherwise
fltin €D, }
fltin, €N,
\ flt1n3e {Inf, -Inf} ]
fltin1 normalized, flitin2 normalized, fltin3 infinity, i.e. (-]nf, ]nf) Inf if
f \ sign(fltin2)=sign(fltin3), -Inf
fltin, fltin,, fltIn € X | son(ftin2
{ fltIn1 EN, fItIn2 EN,
\ fItIn3E {Inf, -Inf}
fltin1 infinity, fltin2 zero, fltin3 zero, i.e. N/A {-sign(fitin1)eInf, -

Table continues on the next page...

sign(fltin1)spmax}
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Table 3-137. MLIB_Mnac_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)

fltin, fltin, fltin € X |

fltin € {Inf, -Inf},
fltin, =0, fItIn3=0

All inputs zero, i.e. 0 {-0, +0}
fltin, fltin,, fltin € X |

fItIn1 =0, fItIn2= 0, fItIn3= 0

fitin1 denormalized, fltIn2 zero, fltin3 zero, i.e. 0 {-0, +0}

fltin, fltin,, fltIn € X |
fltin €D, }
fltin,=0, fitin,=0

/

fltin1 normalized, fltin2 zero, fltin3 zero, i.e. 0 N/A
(fltin, fltin,, fltin € X |

{ fltin €N, )
fItIn2 =0, fltIn3 =0

\ /

fltin1 infinity, fltIn2 denormalized, fltIn3 zero, i.e. N/A {-sign(fitin1)eInf, -
f ) sign(fltin1)spmax}
fltin,, fltin, fltin € X |

{ fltin € {Inf, -Inf}, )
fltInZED, fltIn3=O

\ /

fltin1 zero, fltin2 denormalized, fltin3 zero, i.e. 0 {-0, +0}
(fltin, fltin,, fltIn € X |

{ fItIn1= 0, )
fltin, €D, fltIn,=0

\ /

fitin1 denormalized, fltIn2 denormalized, fltIn3 zero, i.e. 0 {-0, +0}

fltin, fltin,, fltIn € X |
fltIn .€ D,
fltIn, €D, fltIn,=0

fltin1 normalized, fltin2 denormalized, fltIn3 zero, i.e. 0 N/A

Table continues on the next page...
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Table 3-137. MLIB_Mnac_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)

fltin,, fltIn, fltin € X |
fltIn €N, )
fltin, €D, fItIn3 =0

/

fltin1 infinity, fltin2 normalized, fltin3 zero, i.e. 0 {-sign(fitin1)eInf, -
f ) sign(fitin1)spmax}
fltin, fltin,, fltIn € X |

fltInle {Inf, -Inf},
fltInZEN,
\ flt1n3=0 )

fltin1 zero, fltin2 normalized, fltin3 zero, i.e. 0 N/A
[ fltin, fltin,, fltin € X |

fItIn1= 0,
fltInZEN,

fitin1 denormalized, fltin2 normalized, fltIn3 zero, i.e. 0 {-0, +0}

[ fltin, fltin,, fltin € X |
fItIn1 €D,
fItIn2 EN,
\ fItIn3 =0 )

fltin1 normalized, fltIn2 normalized, fltIn3 zero, i.e. 0 N/A

[ fltin, fltin,, fltin € X |
fItIn1 EN,
fItIn2 EN,
\ fltIn,=0 )

fltin7 infinity, fitin2 infinity, fitin3 denormalized, i.e. N/A {NaN, Inf, -Inf, pmax,
[ fltIn,, fltin,, fltIn € X h nmax}

fltlnle {Inf, -Inf},

fltlnze {Inf, -Inf},
\ fltIn,eD )

Table continues on the next page...
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Table 3-137. MLIB_Mnac_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
fltin1 zero, fltin2 infinity, fitiIn3 denormalized, i.e. N/A {NaN, Inf, -Inf, 0, -0}
[ fltin, fltin,, fltIn € X |
fltin =0, }
fltin, € {Inf, -Inf},
\ fltin,e D )
fltin1 denormalized, fltin2 infinity, fltin3 denormalized, i.e. N/A {NaN, Inf, -Inf, 0, -0}
[ fltin,, fltin, fltin, € X |
fltin €D, }
fltin, € {Inf, -Inf},
\ fltin,€ D )
fltin1 normalized, fltin2 infinity, fltin3 denormalized, i.e. (-]nf, ]nf) {NaN, Inf, -Inf, 0, -0}
[ fltin,, fltin, fltin, € X |
fltin €N, }
fltin, € {Inf, -Inf},
\ fltl n,€D )
fltin1 infinity, fltin2 zero, fltIn3 denormalized, i.e. N/A {-sign(fitin1)eInf, -
(fltin,, fltin, fltin € X | sign(fitin)=pmax}

{ fltin € {Inf, -Inf}, }
flt1n2=0, fltIn3ED

\ /

fltin1 zero, fltin2 zero, fltiIn3 denormalized, i.e. 0 N/A
(fltin,, fltin, fltin, € X |

{ fltin =0, }
fltin,= 0, fltIn,€ D

\ /

fitin1 denormalized, fltIn2 zero, fltiIn3 denormalized, i.e. 0 {-0, +0}

fltin, fltin,, fltin € X | fltin €D,
fltIn2 =0, fltIn3 €D

fltin1 normalized, fitIn2 zero, fltiIn3 denormalized, i.e. 0 N/A

fltin, fltin,, fltin € X | fltIn €N,
fItIn2 =0, fItIn3 €D

Table continues on the next page...
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Table 3-137. MLIB_Mnac_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

fltin1 infinity, fltIn2 denormalized, fltIn3 denormalized, i.e.

fltin,, fltin, fltin € X |

fltin € {Inf, -Inf},
flt1n2= €D, fltlngeD

N/A

{-sign(fitin1)eInf, -
sign(fltin1)spmax}

fltin1 zero, fltiIn2 denormalized, fltIn3 denormalized, i.e.

fltin, fltin,, fltIn € X | fltin =0,
fltin, €D, fitIn,€ D

N/A

All inputs denormalized, i.e.

{ fltin, fltin, fltin,€ X | XD, }

{-0, +0}

fltin1 normalized, fltIn2 and fltin3 denormalized, i.e.

fltin,, fltin, fltin € X | fltin €N,
fltin €D, fltIn,€ D

N/A

fltin1 infinity, fltIn2 normalized, fltin3 denormalized, i.e.

fltin,, fltin, fltin € X |

fltlnle {Inf, -Inf},
fltInZEN, fltIn3ED

N/A

{-sign(fitin1)eInf, -
sign(fitin1)spmax}

fltin1 zero, fltin2 normalized, fltiIn3 denormalized, i.e.

fltin, fltin,, fltIn € X | fltin =0,
fltIn, €N, fltIn,€ D

(-0.5,0.5)

{-0, +0}

fltin, fltn,, fltin € X | fltIn €D,
fltIn €N, fltIn,€ D

fltin1 denormalized, fltIn2 normalized, fltIn3 denormalized, i.e.

(-0.5,0.5)

{-0, +0}

fltin1 normalized, fltIn2 normalized, fltIn3 denormalized, i.e.

fltin, fltin,, fltin € X | fltin €N,
fltin, €N, fltIn,€ D

(-Inf, Inf)

N/A

fltin1 infinity, flitIn2 infinity, fitIn3 normalized, i.e.
fltin, fltin, fltin € X |

fltin € {Inf, -Inf},
fltin, € {Inf, -Inf},flt1n3EN

N/A

{NaN, Inf, -Inf, 0, -0, pmax,
nmax}

fltin1 zero, fltin2 infinity, flt/In3 normalized, i.e.

N/A

Table continues on the next page...
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Table 3-137. MLIB_Mnac_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)

fltin, fltin, fltin € X |
fltin =0,
fltin, € {Inf, -Inf},flt1n3EN

fltin1 denormalized, fltIn2 infinity, fltin3 normalized, i.e. N/A {Inf, -Inf, pmax, nmax}

fltin, fltin,, fltin € X | fltIn €D,
fItInZE {Inf, -Inf},fltlngeN

fltin1 normalized, fltin2 infinity, fltiIn3 normalized, i.e. (-]nf' ]nf) {Inf, -Inf}
{ fltin, fltin,, fltin € X | fltIn €N,

fItInZE {Inf, -Inf},fltlngeN

fltin1 infinity, fltin2 zero, fltIn3 normalized, i.e. N/A {-sign(fitin1)eInf, -
sign(fitin1)spmax}
fltin, fltin,, fltIn € X |

fltin € {Inf, -Inf},
fltin,= 0, fitin,€N

fltin1 zero, fltIn2 zero, fltin3 normalized, i.e. 0 N/A

fltin,, fltin, fltin € X | fltin =0,
fltin,=0, fItIn3 EN

fltin1 denormalized, fltIn2 zero, fltin3 normalized, i.e. 0 {-0, +0}

fltin,, fltin, fltin € X | fltin €D,
fltin, =0, fltIn3 EN

fitin1 normalized, fitIn2 zero, fltiIn3 normalized, i.e. 0 N/A

fltin, fltIn, fltin € X | fltin €N,
fltIn2 =0, flttIn3 EN

fltin1 infinity, fltln2 denormalized, fltin3 normalized, i.e. (-]nf, [nf) {-sign(fitin1)eInf, -
fltin, fltIn, fltin € X | fltin €N, sign(fitint)spmax)
fItIn2 €D, fltln3 EN
fltin1 zero, fltin2 denormalized, fltIn3 normalized, i.e. (_()_5, 0_5) {-0, +0}
fltin, fltIn, fltin € X | fltIn =0,
fIL“In2 €D, fltIn3 EN
fltin1 denormalized, fitIn2 denormalized, fltin3 normalized, i.e. (_()_5, 0.5> {-0, +0}

Table continues on the next page...
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Table 3-137. MLIB_Mnac_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

fltin, fltin,, fltin € X | fltIn €D,
fltin €D, fltin,e N

fltin1 normalized, fltiIn2 denormalized, fltIn3 normalized, i.e.

fltin, fltin,, fltin € X | fltIn €N,
fltin €D, fltIn, € N

(-Inf, Inf)

N/A

fltin1 infinity, fltIn2 normalized, fltin3 normalized, i.e.

(fltin,, fltin, fltin € X |

{ fleIn € {Inf, -Inf}, )
fltin, €N, fltlngeN

\ /

N/A

{-sign(fitin1)eInf, -
sign(fltin1)spmax}

fitin1 zero, fltiIn2 normalized, fltin3 normalized, i.e.

(fltin, fltin,, fltIn € X |
{ fItIn1= 0, )
fltin €N, fltin,€ N

\ /

(0.5, 0.5)

N/A

fltin1 denormalized, fltin2 normalized, fltiIn3 normalized, i.e.

(fltin, fltin,, fltin € X |
{ fltln1 €D,
flt]n2 EN, fltIn3 EN

\

(_(224_ 1)’ 224_ 1)

N/A

fitin1 finite, fltin2 and fltIn3 normalized or denormalized, normalized
or zero result and intermediate result i.e.

[ fltin, fltin,, fltin € X | fltin ¢M,
fltIn,e NUD, fltin,e NUD
refResult =0V

|refResult|-0.5-ULP(refResult) € D A

|ref Result| +0.5- ULP( refResult) # Inf )’
\ mrcNU {-0, +0} J

(-0.5,0.5)

N/A

fitin1 finite, fltin2 and fltIn3 normalized or denormalized, result
underflow i.e.

(0.5, 0.5)

Table continues on the next page...
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Table 3-137. MLIB_Mnac_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

fltin, fltin,, fltin € X | fltin &M
fltin €N UD, fltin € NUD,

|refResult|-0.5- ULP(refResult) € D A
refResult # 0,

fitin1 finite, fltin2 and fltIn3 normalized or denormalized, result
overflow i.e.

fltin, fltIn, fltin € X | fltn &M
fltIn,€ NUD, fltIn,€ NUD,
|refResult| +0.5- ULP(refResult) e M

(-0.5,0.5)

{sign(refResult)eInf,
sign(refResult)spmax}

fitin1 finite, fltin2 and fltIn3 normalized or denormalized, intermediate
result underflow i.e.

fltin, fltin,, fltIn € X | fltin & M
fltin,€ NUD, fltIn €N UD,
mr€D

(-Inf, Inf")

N/A

fitin1 finite, fltin2 and fltIn3 normalized or denormalized, intermediate
result overflow i.e.

fltin,, fltIn, fltin, € X | fltin &M
fltin,€ NUD, fltIn,€ NUD,
mreM

(-Inf, Inf)

{Inf, -Inf}

3.51 Function MLIB Msu_ FLT

3.51.1 Declaration

INLINEtFloat MLIB Msu FLT(register tFloat fltInl,

£f1tIn3);

register tFloat fltIn2,

register tFloat
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3.51.2 Arguments
Table 3-138. MLIB_Msu_FLT arguments

Type Name Direction Description
register tFloat fltin1 input Input value from which to subtract.
register tFloat fltin2 input First value to be multiplied.
register tFloat fltin3 input Second value to be multiplied.

3.51.3 Worst-Case Error Bounds

Let (fltinl, fltIn2, fltIn3) € X be a vector of inputs to MLIB_Msu_FLT,
mr=flt1n2-fltln3

refResult be the theoretical exact result,

then
Table 3-139. MLIB_Msu_FLT Worst-Case Error Bounds - Return Value
Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
All inputs infinity, i.e. N/A {Inf, pmax, -Inf, nmax,
{fltin, fitin, fltin € X | X  {Inf, -Inf}} NaN
fltin1 zero or denormalized, fltin2 and fltin3 infinity, i.e. N/A {-Inf, nmax} if
_ sign(fltin2)=sign(fltin3),
fltin, fltin,, fltin € X | fltin € D/ fltin =0, P
fItInZE {Inf, -Inf}, fItIn3€ {Inf, -Inf}
fltin1 normalized, flitin2 and fitin3 infinity, i.e. (-]nf’ ]nf) -Inf if
sign(fltin2)=sign(fltin3), Inf
fltin, fltin, fltin € X | sn(ftin2
fltin €N,
fltin € {Inf, -Inf}, fltIn € {Inf, -Inf}
fltin1 NaN, i.e. (-]nf, ]nf) NaN
{fltIn, fltin, fltin,€ X | fltIn = NaN}
fitin2 NaN, i.e. (-Inf, Inf) NaN
{fltin, fltin,, fltin € X | fltIn = NaN}
fltIn3 NaN, i.e. (-]nf, ]nf) NaN
{fltin, fltin, fltin,€ X | fltIn = NaN}

Table continues on the next page...
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Table 3-139. MLIB_Msu_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

fltin2 zero, fltIn3 infinity, i.e.

fltin, fltin, fltin € X |
fltin,= 0, fitin, € {Inf, -Inf}

(-Inf, Inf)

{NaN, 0, -0}

fltin2 infinity, fltIn3 zero, i.e.

fltin, fltIn, fltin € X |
fltin, € {Inf, -Inf}, fitIn,= 0

(-Inf, Inf)

{NaN, 0, -0}

fltin1 infinity, fltIn2 denormalized, fltIn3 infinity, i.e.
[ fltIn, fltin,, fltin €X |

{ flt1n1€ {Inf, -Inf},
\fItInZED, fltln3E {Inf, -Inf}

N/A

{NaN, Inf, -Inf, 0, -0, pmax,
nmax}

fltin1 zero, fltin2 denormalized, fltIn3 infinity, i.e.

(fltin,, fltin, fltin € X |
{ fltin =0, fitIn,€D,
\ fltIn,€ {Inf, -Inf}

N/A

{NaN, Inf, -Inf, 0, -0}

fltin1 denormalized, fltin2 denormalized, fltIn3 infinity, i.e.

(fltin, fltin,, fltIn € X |
{ fltlnleD, fItInZED,
\ fltin € {Inf, -Inf}

N/A

{NaN, Inf, -Inf, 0, -0}

fltin1 normalized, fltin2 denormalized, fltIn3 infinity, i.e.

[ fltIn, fltin,, fltin €X |
{ fltInleN,
\fItInZED, fItInBE {Inf, -Inf}

(-Inf, Inf)

{NaN, Inf, -Inf}

fltin1 infinity, fltIn2 normalized, fltIn3 infinity, i.e.
[ fltin, fltin,, fltIn € X |

fltin € {Inf, -Inf},
fltIn, €N,
\ fltin,€ {Inf, -Inf} |

(-Inf, Inf)

{NaN, Inf, -Inf}

fltin1 zero, fltin2 normalized, fltin3 infinity, i.e.

N/A

Table continues on the next page...
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Table 3-139. MLIB_Msu_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
[ fltin, fltin,, fltin € X |
( fltin S 0, }
fltIn, €N,
\ fltin,€ {Inf, -Inf} |
fltin1 denormalized, fltin2 normalized, fltIn3 infinity, i.e. N/A {-Inf, nmax} if
P \ sign(fltin2)=sign(fitin3),
flt]nf fltlnz’ fltlng €X | {Inf, pmax} otherwise
fltIn €D, }
fltin, €N,
\ fltin,€ {Inf, -Inf} |
fltin1 normalized, flitin2 normalized, fltin3 infinity, i.e. (-]nf, ]nf) -Inf if
f ) sign(fltin2)=sign(fltin3), Inf
fltin, fltin, fltin € X | Sn(ftin2
{ fltIn €N, fltIn,eN,
N flt1n3€{1nf, -Inf} |
fltin1 infinity, fltin2 zero, fltin3 zero, i.e. N/A {sign(fitin1)eInf,
f \ sign(fitin1)spmax}
fltin, fltin,, fltIn € X |
{ fltin € {Inf, -Inf},
\  fltIn,=0, fltIn,=0
All inputs zero, i.e. 0 {-0, +0}
fltin, fltIn, fltin € X |
fltin =0, fitIn, =0, flt1n3= 0
fltin1 denormalized, fltIn2 zero, fltin3 zero, i.e. 0 {-0, +0}
(fltin, fltin,, fltin € X |
{ fltin €D, )
\ fItIn2=0, fltln3=0 ‘
fltin1 normalized, fltin2 zero, fltin3 zero, i.e. 0 N/A
(fltin,, fltin, fltin € X |
{ fltin L€ N, )
\ fltIn2=0, fltIn3=0 ‘

Table continues on the next page...
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Table 3-139. MLIB_Msu_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
fltin1 infinity, fltin2 denormalized, fltin3 zero, i.e. N/A {sign(fitinT)eInf,
f ) sign(fltin1)spmax}
fltin,, fltin, fltin € X |

{ fleIn € {Inf, -Inf}, )
\ fltInZED,fIt1n3=O

fltin1 zero, fltln2 denormalized, fltin3 zero, i.e. 0 {-0, +0}

(fltin,, fltin, fltin, € X |
< fltin =0, }
fltin, €D, fltIn,=0

/

\ /

fitin1 denormalized, fltIn2 denormalized, fltin3 zero, i.e. 0 {-0, +0}
(fltin, fltin,, fltIn € X |
{ fltin €D, }
fltIn, €D, fltIn,=0

\ /

fltin1 normalized, fltin2 denormalized, fltIn3 zero, i.e. 0 N/A

(fltin,, fltin, fltin € X |
{ fltin €N, }
\ fltInZED, flt1n3= 0

/

fltin1 infinity, fltIn2 normalized, fltIn3 zero, i.e. 0 {sign(fitin1)eInf,
P ) sign(fitin1)spmax}
fltin, fltin,, fltIn € X |

fltlnle {Inf, -Inf},
fItInZEN,
\ flt1n3=0 )

fltin1 zero, fltin2 normalized, fltin3 zero, i.e. 0 N/A
[ fltin, fltin,, fltin € X |

fItIn1= 0,
fltIn, €N,
\ flt1n3=0 )

fltin1 denormalized, fltin2 normalized, fltIn3 zero, i.e. 0 {-0, +0}

Table continues on the next page...
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Table 3-139. MLIB_Msu_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

[ fltin, fltin,, fltin € X |
fltin L€ D,
fltIn, €N,

i fltin =0 )

fltin1 normalized, fltin2 normalized,

[ fltin, fltin,, fltIn € X |
fltIn €N,
fltin, €N,
i fltin,=0 )

fltin3 zero, i.e.

N/A

fltin1 infinity, flitIn2 infinity, fitiIn3 den
[ fltin, fltin,, fltin € X |

fltin € {Inf, -Inf},

fltin, € {Inf, -Inf},
\ fltin,€ D )

ormalized, i.e.

N/A

{NaN, Inf, -Inf, pmax,
nmax}

fltin1 zero, fltIn2 infinity, fitin3 denori
[ fltin, fltin,, fltin € X |

fltIn =0,

fltin, € {Inf, -Inf},
\ fltin,e D )

malized, i.e.

N/A

{NaN, Inf, -Inf, O, -0}

fltin1 denormalized, fltIn2 infinity, fltin3 denormalized, i.e.

[ fltin, fltin,, fltIn € X |
fltIn €D,
fltin, € {Inf, -Inf},

\ fltin,€ D )

N/A

{NaN, Inf, -Inf, O, -0}

fltin1 normalized, fltin2 infinity, fltin3 denormalized, i.e.

(-Inf, Inf)

Table continues on the next page...
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Table 3-139. MLIB_Msu_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)

[ fltin, fltin,, fltin € X |
fltin L€ N,

fltin € {Inf, -Inf},
\ fltin,e D )

fltin1 infinity, fltIn2 zero, fltiIn3 denormalized, i.e. N/A {sign(fitin1)eInf,
f ) sign(fltin1)epmax}
fltin, fltin, fltin € X |

{ fleIn € {Inf, -Inf}, )
fltin, =0, fltIn3ED

\ /

fltin1 zero, fltin2 zero, fltiIn3 denormalized, i.e. 0 N/A
[ fltin, fltin,, fltIn € X |

{ fItIn1= 0, )
fltin,= 0, fitin,€ D

\ /

fltin1 denormalized, fltin2 zero, fltin3 denormalized, i.e. 0 {-0, +0}

fltin,, fltin, fltin € X | fltin €D,
fltin, =0, flt1n3 €D

fltin1 normalized, fltin2 zero, fltin3 denormalized, i.e. 0 N/A

fltin,, fltin, fltin € X | fltin €N,
fltin, =0, flttln3 €D

fltin1 infinity, fltin2 denormalized, fltin3 denormalized, i.e. N/A {sign(fitin1)eInf,
sign(fitin1)spmax}
fltin, fltin,, fltIn € X |

fltlnle {Inf, -Inf},
fItIn2= €D, fItInBED

fltin1 zero, fltin2 denormalized, fltin3 denormalized, i.e. 0 N/A
fltin,, fltIn, fltin,€ X | fltin =0,
fltin €D, fltIn,€ D
All inputs denormalized, i.e. 0 {-0, +0}

{fltin, fltin, fltin € X | XD, }

fltin1 normalized, fltIn2 and fltIn3 denormalized, i.e. 0 N/A

Table continues on the next page...
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Table 3-139. MLIB_Msu_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain

Worst-case return value | Allowed specific return
error bounds [ulp]

values (regardless the
error bounds)

fltin, fltin,, fltin € X | fltIn €N,
fltIn, €D, fitIn,€ D

fltin1 infinity, fltin2 normalized, fltIn3 denormalized, i.e.

fltin, fltin, fltin € X |

fltin € {Inf, -Inf},
fltIn €N, fltlngeD

N/A

{sign(ftin1)eInf,
sign(fitin1)spmax}

fitin1 zero, fltin2 normalized, fltin3 denormalized, i.e.

fltin, fltin,, fltIn € X | fltin =0,
fItIn2 EN, fItIn3 €D

(0.5, 0.5)

{-0, +0}

fltin, fltin,, fltin € X | fltin €D,
fItInz EN, fltIn3 €D

fitin1 denormalized, fltIn2 normalized, fltIn3 denormalized, i.e.

(0.5, 0.5)

{-0, +0}

fltin1 normalized, fltiIn2 normalized, fltIn3 denormalized, i.e.

fltin, fltin,, fltin € X | fltIn €N,
fItIn2 EN, fltIn3 €D

(-Inf, Inf)

N/A

fltin1 infinity, fltin2 infinity, flt/In3 normalized, i.e.
[ fltin, fltin, fltin € X |

{ fltIn € {Inf, -Inf}, )
\fltIn, € {Inf, -Inf}, fltIn,€N

N/A

{NaN, Inf, -Inf, 0, -0, pmax,
nmax}

fltin1 zero, fltin2 infinity, flt/In3 normalized, i.e.

[ fltIn,, fltin, fltin.€X |
{ flt1n1= 0, )
\fltin, € {Inf, -Inf}, fitIn,€N

N/A

{Inf, -Inf, pmax, nmax}

fltin1 denormalized, fltin2 infinity, flt/In3 normalized, i.e.

fltin, fltin, fltin € X | fltin €D,
fltin, € {Inf, -Inf}, fltIn, € N

N/A

{Inf, -Inf, pmax, nmax}

fltin1 normalized, fltin2 infinity, fltin3 normalized, i.e.

fltin,, fltIn, fltin € X | fltin €N,
fltin, € {Inf, -Inf}, fltIn,€N

(-Inf, Inf)

{Inf, -Inf}

Table continues on the next page...
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Table 3-139. MLIB_Msu_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
fltin1 infinity, fltin2 zero, fltiIn3 normalized, i.e. N/A {sign(fitinT)eInf,
sign(fltin1)spmax}
fltin,, fltin, fltin € X |

fltin € {Inf, -Inf},
flt1n2=0, fltInSEN

fltin1 zero, fltin2 zero, fltiIn3 normalized, i.e. 0 N/A
fltin, fltin,, fltIn € X | fltin =0,
fltIn,=0, fltin,€N

fltin1 denormalized, fltIn2 zero, fltiIn3 normalized, i.e. 0 {-0, +0}

fltin, fltin,, fltin € X | fltIn €D,
fltIn,=0, fltin,€N

fltin1 normalized, fltIn2 zero, fltiIn3 normalized, i.e. 0 N/A

fltin, fltin,, fltin € X | fltin €N,
fltIn,=0, fltin,€N

fltin1 infinity, fltIn2 denormalized, fltIn3 normalized, i.e. (-]nf’ ]nf) {sign(fitin1)elnf,
fltin, fltin,, fltin € X | fltIn €N, sign(fitint)spmax
fltin, €D, fltIn,€ N
fltin1 zero, fltin2 denormalized, fltin3 normalized, i.e. (_()_5, 0_5) {-0, +0}
fltin, fltin,, fltIn € X | fltin =0,
fltin, €D, fltIn,e N
fltin1 denormalized, fltIn2 denormalized, f/tin3 normalized, i.e. (-()_5, 0_5) {-0, +0}
fltin, fltn,, fltin € X | fltIn €D,
fltin €D, fltin,e N
fltin1 normalized, fltin2 denormalized, fltin3 normalized, i.e. (-]nf, Il’lf) N/A
fltin, fltin,, fltin € X | fltin €N,
fltin, €D, fltIn,€ N
fltin1 infinity, fltIn2 normalized, fltin3 normalized, i.e. N/A {sign(fitin1)eInf,
fltin,, fltin, fltin € X | sign(fitint)spmax
fltin € {Inf, -Inf},
fltin, €N, fltIn3 EN
fltin1 zero, fltiIn2 normalized, fltin3 normalized, i.e. N/A

Table continues on the next page...
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Table 3-139. MLIB_Msu_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

(fltin,, fltin, fltin € X |
< fltin =0, }
fltin, €N, fltIn3 EN

\ /

(-0.5,0.5)

fitin1 denormalized, fltin2 normalized, fltIn3 normalized, i.e.

(fltin, fltin,, fltIn € X |
{ fltIn €D, )
fltin €N, fltin,€ N

\ /

(-(224-1), 224-1) |\A

fitin1 finite, fltin2 and fltIn3 normalized or denormalized, normalized
or zero result and intermediate result i.e.

[ fltIn, fltin,, fltin € X | fltin ¢M,
fltin,€ NUD, fltIn, e NUD
refResult =0V
|refResult|-0.5-ULP(refResult) € D A
( |ref Result| +0.5- ULP(refResult) # Inf )’
\ mrc NuU {-0, +0} /

(-0.5,0.5) N/A

fitin1 finite, fltin2 and fltIn3 normalized or denormalized, result
underflow i.e.

fltin, fltIn, fltin € X | fltn &M
fltin € NUD, fltIn,€ NUD,

|refResult|-0.5- ULP(refResult) € D A
ref Result # 0,

(-0.5,0.5) (0, +0)

fitin1 finite, fltin2 and fltIn3 normalized or denormalized, result
overflow i.e.

fltin, fltin,, fltin € X | fltin ¢ M
fltIn,e NUD, fltin,e NUD,
|refResult| +0.5- ULP(refResult) e M

{sign(refResult)eInf,
sign(refResult)spmax}

(0.5, 0.5)

fitin1 finite, fltin2 and fltIn3 normalized or denormalized, intermediate
result underflow i.e.

fltin,, fltIn, fltin, € X | fltin &M
fltin,€ NUD, fltIn,€ NUD,
mreD

N/A

(-Inf, Inf)

Table continues on the next page...
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Table 3-139. MLIB_Msu_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value

error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

{Inf, -Inf}

fitin1 finite, fltin2 and fltIn3 normalized or denormalized, intermediate
result overflow i.e.

fltin,, fltIn, fltin, € X | fltin &M
fltin,€ NUD, fltIn,e NUD,
mreM

(-Inf, Inf)

3.52 Function MLIB_Mul_FLT

3.52.1 Declaration

INLINEtFloat MLIB Mul FLT(register tFloat fltInl, register tFloat £fltIn2);

3.52.2 Arguments
Table 3-140. MLIB_Mul_FLT arguments

Name

Type Direction

register tFloat

Description

fltin1
fltin2

input Operand is a single precision floating point number.

register tFloat input

Operand is a single precision floating point number.

3.52.3 Worst-Case Error Bounds
Let (fltinl, fltIn2) € X be a vector of inputs to MLIB_Mul_FLT,
refResult be the theoretical exact result,
then
Table 3-141. MLIB_Mul_FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

Both inputs infinity, i.e.

N/A

Table continues on the next page...
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Table 3-141. MLIB_Mul_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)

{ fltin,, fltin € X | fltin € {Inf, -Inf}, }
fltIn, € {Inf, -Inf}
fltin1 normalized number, NaN, or infinity, flitln2 NaN, i.e. N/A {NaN, pmax, nmax}

fltin, fltin € X |
fltlnleNUNaNU {Inf, -Inf},

fltin,= NaN
fitin1 denormalized or zero, fltin2 NaN, i.e. N/A {NaN, -0, +0}
fltin, fltin,€ X | fltIn € DU {-0, +0},
{ fltl n,=NaN ]
fltin1 infinity, fltln2 denormalized or zero, i.e. N/A {NaN, Inf, -Inf, -0, +0}

fltin, fltin,€ X | fltIn € {Inf, -Inf}
fltin €DU {-0, +0}

fltin1 infinity, fltin2 normalized, i.e. N/A {Inf, -Inf, pmax, nmax}
fltin, fltin,€ X | fltIn € {Inf, -Inf}
fltin LEN
fltin1 NaN, fltIn2 infinity or normalized, i.e. N/A {NaN, pmax, nmax}

fltin, fltin,€ X | fltIn = NaN,
fItInZE NU {Inf, -Inf}

fltin1 NaN, fltin2 denormalized or zero, i.e. N/A {NaN, -0, +0}
{ fltin, fltin,€ X | fltIn = NaN,

fltIn, € DU {-0, +0}

fltin1 denormalized or zero, fltin2 infinity, i.e. N/A {NaN, Inf, -Inf, -0, +0}
fltin, fltin €X |

fltin €DU {-0, +0},
fltin € {Inf, -Inf}

fltin1 normalized, fltin2 infinity, i.e. N/A {Inf, -Inf, pmax, nmax}

fltin,, fltin € X | fltIn €N,
fItInZE {Inf, -Inf}

Both inputs denormalized, i.e. (_()_5, 0.5> {-0, +0}

Table continues on the next page...
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Table 3-141. MLIB_Mul_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

{fltin, fltin € X | X c D}

fltin1 denormalized, fltIn2 zero, i.e.

{fltin, fltin € X | fltin €D, fltin,= 0}

N/A

fitin1 denormalized, fltln2 normalized, i.e.

fltin, fltin,€ X | fltin €D,
f ltIn2 EN

(0.5, 0.5)

{-0, +0}

fltin1 zero, fltin2 denormalized, i.e.

{fltin, fltin € X | fltin =0, fltin,€ D}

N/A

Both inputs zero, i.e.

{fltin, fltin € X | fltin =0, fltin,= 0}

N/A

fltin1 zero, fltiIn2 normalized, i.e.

fltin,, fltin € X | fltIn =0,
fIt] n,€N

N/A

fltin1 normalized, fltiIn2 denormalized, i.e.

fltin,, fltin € X |
fltln1 EN, fltIn2 €D

(-0.5, 0.5)

{-0, +0}

fltin1 normalized, fitIn2 zero, i.e.

fltin, fltin,€ X |
fltln1 EN, fltIn2 =0

N/A

Both inputs normalized, result normalized, i.e.

fltin, fltIn €X | XN,

|refResult|-0.5-ULP(refResult) € D A
|refResult| +0.5- ULP( refResult) # Inf

(-0.5, 0.5)

N/A

Both inputs normalized, result overflow, i.e.

fltin, fltin,€X | XN, }
|refResult| +0.5- ULP( refResult) = Inf

(0.5, 0.5)

{Inf, -Inf, pmax, nmax}

Both inputs normalized, result underflow, i.e.

fltin, fltin,€ X | XN,

|refResult|-0.5- ULP(refResult) € D A
refResult # 0

(-0.5,0.5)

{-0, +0}
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3.53 Function MLIB_Neg_FLT

3.53.1 Declaration

INLINEtFloat MLIB Neg FLT(register tFloat fltlIn);

3.53.2 Arguments
Table 3-142. MLIB_Neg_FLT arguments

Name

Type Direction

register tFloat fltin

Description

input Input value which negative value should be returned.

3.53.3 Worst-Case Error Bounds
Let (fltIn) € X be an input to MLIB_Neg_FLT,

then
Table 3-143. MLIB_Neg_FLT Worst-Case Error Bounds - Return Value
Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
Input infinity, i.e. N/A {-sign(fltin)eInf, -

{fltine X | fltIne {Inf, -Inf}}

sign(fitinyepmax}

{fltIne X | fltIn=0}

Input NaN, i.e. N/A {NaN, pmax, nmax}
{fltIne X | fltIn=NaN}

Denormalized input, i.e. 0 {-0, +0}
{fltiIneX | XD}

Normalized input, i.e. 0 N/A

{fltlIneX | Xc N}

Zero input, i.e. 0 N/A
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3.54 Function MLIB_Sub_FLT

3.54.1 Declaration

INLINEtFloat MLIB Sub FLT(register tFloat fltInl, register tFloat fltIn2);

3.54.2 Arguments
Table 3-144. MLIB_Sub_FLT arguments

Type Name Direction Description
register tFloat fltin1 input Operand is a single precision floating point number.
register tFloat fltin2 input Operand is a single precision floating point number.

3.54.3 Worst-Case Error Bounds
Let (fltInl, fltIn2) € X be a vector of inputs to MLIB_Sub_FLT,

then
Table 3-145. MLIB_Sub_FLT Worst-Case Error Bounds - Return Value
Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
Both inputs infinity, i.e. N/A {Inf, -Inf, NaN, pmax,
{ fltin,, fltin € X | fltIn € {Inf, -Inf?}, } nmax}
fltin € {Inf, -Inf}
fltin1 arbitrary value, flitIn2 NaN, i.e. N/A {NaN, pmax, nmax}

{fltin, fltin € X | fltIn,= NaN}

fltin1 infinity, fltln2 normalized, denormalized, or zero, i.e. N/A {sign(fitin1)eInf,
fltin, fltin, € X | fltIn € {Inf, -Inf?}, sign(fitint)spmax)
fltln,€ NUDU {-0, +0}

fltin1 NaN, fltin2 arbitrary value, i.e. N/A {NaN, pmax, nmax}
{fltin, fltin €X | fltIn = NaN}

fltin1 normalized, denormalized, or zero, fltIn2 infinity, i.e. N/A {-sign(fitin2)eInf, -
sign(fltin2)spmax}

Table continues on the next page...
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Table 3-145. MLIB_Sub_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain

Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)

fltin, fltin €X |
fltln eNUDU {-0, +0},
fltin € {Inf, -Inf}

{fltin, fltin € X | fltin €D, fltIn =0}

Both inputs denormalized, i.e. (_()_5’ 0.5> {-0, +0}
{fltin, fltin € X | X c D}
fltin1 denormalized, fltin2 zero, i.e. (_()_5, 0_5) {-0, +0}

fitin1 denormalized, fltIn2 normalized, i.e.

{ fltin,, fltin € X | fltIn €D, }

(-(224-1),2%4-1) |WA

fltin,, fltin € X | fltIn =0,
fltin €N

fltin €N
fltin1 zero, fltin2 denormalized, i.e. (_()_5’ 0_5> {-0, +0}
{fltin, fltin € X | fltin =0, fltin € D}
Both inputs zero, i.e. 0 N/A
{fltin, fltin € X | fltin =0, fltin,= 0}
fltin1 zero, fltin2 normalized, i.e. 0 N/A

fltin1 normalized, fltin2 denormalized, i.e.

fltin, fltin € X |
fltin €N, fltin,€ D

(-(224-1),2%4-1) |VA

fltin1 normalized, fltIn2 zero, i.e.

fltin, fltin € X |
fltin €N, fltIn,=0

0 N/A

Both inputs normalized, result normalized or zero, i.e.

fltin, fltin,€ X | XN,
refResult =0V

|refResult|-0.5-ULP(refResult) € D A
|ref Result| +0.5- ULP( refResult) # Inf

(0.5, 0.5) N/A

Both inputs normalized, result overflow, i.e.

( _()_5, 0.5 ) {sign(refResult)eInf,

sign(refResult)spmax}

Table continues on the next page...
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Table 3-145. MLIB_Sub_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain Worst-case return value | Allowed specific return
error bounds [ulp] values (regardless the
error bounds)
fltin, fltin,€X | XN, }
|ref Result| +0.5- ULP( refResult) = Inf
Both inputs normalized, result underflow, i.e. (_()_5, 0_5) {-0, +0}

fltin,, fltin €X | XN,

|refResult|-0.5- ULP(refResult) € D A
refResult # 0

3.55 Function MLIB_ VMac FLT

3.55.1 Declaration

INLINEtFloat MLIB VMac FLT (register tFloat fltInl, register tFloat fltIn2, register tFloat
f1tIn3, register tFloat fltIn4);

3.55.2 Arguments
Table 3-146. MLIB_VMac_FLT arguments

Type Name Direction Description
register tFloat fltin1 input First input value to first multiplication.
register tFloat fltin2 input Second input value to first multiplication.
register tFloat fltin3 input First input value to second multiplication.
register tFloat fltin4 input Second input value to second multiplication.

3.55.3 Worst-Case Error Bounds

Let (fltInl, fltIn2, fltIn3, fltin4) € X be a vector of inputs to MLIB_VMac_FLT,
ir1=flt1n1-flt1n2

ir,= fltIn3 . flt1n4,
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refResult be the theoretical exact result,

then
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Table 3-147. MLIB_VMac_ FLT Worst-Case Error Bounds - Return Value

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

Any of the inputs is NaN or infinity, i.e.

{fltin, fltin, fltin, fltin €X | Xn M = @)

N/A

{Inf, -Inf, NaN, pmax,
nmax, -0, +0}

Any of the inputs is denormalized, neither is NaN or infinity, i.e.
{ fltin,, fltIn, fltin, fltIn, € X |}
XND+ D, XNnM=0D

(-Inf, Inf)

N/A

All inputs normalized or zero, results normalized or zero, i.e.
[ fltin,, fltin,, fltIn, fltin €X | )
XcNu{-0, +0},

< irreNU {-0, +0},ir,e NU {-0, +0},
refResult=0V

|ref Result| - ULP(refResult) € D A
\ ( |refResult| + ULP(refResult) # Inf) /

(']-r 1)

N/A

All inputs zero, i.e.

{ fltin, fltin,, fltn, fltin € X |}
X c {-0, +0}

N/A

All inputs normalized or zero, result overflow, i.e.
fltin, fltin,, fltin,, fltIn € X |
XcNu{-0 +0},
|ref Result| + ULP( refResult) = Inf

(']-r 1)

{sign(refResult)eInf,
sign(refResult)spmax,
NaN}

All inputs normalized or zero, result underflow or underflow in
internal compensation calculation, i.e.

fltin, fltin, fltin,, fltin € X |
XcNu{-0 +0},
0.5- (|refResult|-ULP(refResult) €ED) A
refResult # 0

(-22% 224

{-0, +0}

All inputs normalized or zero, intermediate result overflow, i.e.

fltin, fltin, fltin,, fltin € X |
XcNu{-0, +0},
|ir{| € {Inf, -Inf} V |ir,| € {Inf, -Inf}

N/A

Arbitrary floating-point
value (including Inf, —Inf,
NaN)

Table continues on the next page...
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Table 3-147. MLIB_VMac_FLT Worst-Case Error Bounds - Return Value (continued)

Subset of input domain

Worst-case return value
error bounds [ulp]

Allowed specific return
values (regardless the
error bounds)

All inputs normalized or zero, intermediate result underflow, i.e.

fltin, fitin,, fltn, fltin €X |

XcNu{-0, +0},
iry€DVir,€D

(-Inf, Inf)

N/A
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